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1 .o 
INTRODUCTION 

This Chemicals of Concern Technical Memorandum is part of the Baseline Risk Assessment 
(BRA) for the 903 Pad, Mound, and East Trenches Area, Operable Unit 2 (OU-2), at Rocky 
Flats Environmental Technology Site in Golden, Colorado. The BRA, which consists of the 
Human Health Risk Assessment (HHRA) and the Environmental Evaluation, will be included 
in the Phase 11 RCRA Facility Investigation/Remedial Investigation ( R F I M )  report for OU-2. 
The OU-2 RFI/RI is being conducted pursuant to the U.S. Department of Energy (DOE) 
Environmental Restoration Program, a Compliance Agreement between DOE, the U.S. 
Environmental Protection Agency (EPA), and the State of Colorado Department of Health 
(CDH); and the Federal Facility Agreement and Consent Order (Interagency Agreement), 
signed in 1991. The HHRA will evaluate potential human health risks for on-site and off-site 
receptors under current land use and probable future land use conditions, assuming no 
remedial action takes place in OU-2. 

This technical memorandum presents the selection of chemicals of concern to be evaluated 
quantitatively or qualitatively in the HHRA. Chemicals of concern are organic chemicals, 
nitrates, metals, or radionuclides that exceed background range, that are environmental 
contaminants, and that could be a significant threat to human health under the exposure 
conditions evaluated. The identification of chemicals of concern will also help focus the 
efforts of environmental transport modeling, description of the nature and extent of 
contamination, and remedy selection. 

OU-2 consists of 20 Individual Hazardous Substance Sites (IHSSs), plus two trenches whose 
locations are shown in Figure 1-1. Soil and groundwater samples were collected within 
IHSSs as well as surrounding areas. Chemicals of concern are identified on an OU-wide 
basis for each medium that was sampled in the OU-2 RFI/RI field program (i.e., surface soil, 
subsurface soil, and groundwater). Chemicals of concern in surface and subsurface soil are 
selected based on samples collected during Phase I and Phase I1 RFI/RIs at OU-2. Chemicals 
of concern for groundwater are selected based on samples collected from wells within OU-2 
that are part of the site-wide groundwater monitoring program. 

(4040-1201-0075-841) ( R l - l  TM9) (818194 9 09 am)(l)  1-1 



This technical memorandum is divided into the following sections. Section 2.0 describes the 
data used and the general process to select chemicals of concern for risk assessment. 
Sections 3.0 through 5.0 describe the identification of chemicals of concern for surface soil, 

subsurface soil, and groundwater. References are listed in Section 6.0 

Appendix A, "Background Comparison for Metals and Radionuclides," summarizes the 
statistical methodology used to compare OU-2 data to background data and includes tables 
showing the results of the statistical tests. Statistical tests were used to identify metals and 
radionuclides whose concentrations exceed background levels and which may be 
environmental contaminants. These metals and radionuclides are retained for further 
evaluation as potential chemicals of concern. 

Appendix B, "Risk-Based Evaluation of Infrequently Detected Chemicals," presents the 
screening of infrequently detected compounds (4 percent detection frequency) to identify 
those that merit further evaluation, on the basis of high concentration and toxicity, as special- 
case chemicals of concern in small areas of localized contamination. 

Appendix C, "Evaluation of Manganese and Antimony in UHSU Groundwater," summarizes 
the geochemical and temporal evidence supporting the conclusion that manganese and 
antimony are not contaminants in groundwater. 

Appendix D, "Analytical Results for Unfiltered Aluminum, Antimony, Beryllium, Vanadium, 
TSS, and TDS in UHSU Groundwater," presents the data summary sheets for these analytes. 
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2.0 

CHEMICALS OF CONCERN SELECTION PROCESS 

2.1 OVERVIEW 

The flow chart for selecting chemicals of concern for OU-2 is presented in Figure 2-1, 
Process for Identifying Chemicals of Concern. The process is intended to identify the chief 
environmental contaminants in each medium that could have adverse impacts on public 
health. In this way, the risk assessment is focussed on OU-2 contaminants that are potential 
significant health hazards. Inorganic compounds whose concentrations are within background 
range or that are essential nutrients or major cations are excluded from the risk assessment. 
Organic compounds that would contribute insignificantly to overall risk are identified but are 
not evaluated in the risk assessment. 

Chemicals of concern were selected on an OU-wide basis for each medium. The individual 
steps shown in Figure 2-1 are listed below and described in the following sections. 

2.2 
2.3 

2.4 
2.5 

2.6 
2.7 

2.8 

2.9 

Data Evaluation 
Background Comparison for Inorganic Constituents 
Essential Nutrienthlajor Cation and Anion Screen 
Frequency of Detection 
Concentration/Toxicity Screens 
Application of Professional Judgment 
Risk-Based Evaluation of Infrequently Detected Compounds and Identification 
of "Special Case" Chemicals of Concern 
Identification of Chemicals of Concern 

2.2 DATA EVALUATION 

2.2.1 Media-Specific Data Sets 

Chemical analytical data from environmental samples collected during OU-2 field sampling 
programs and RFP site-wide sampling programs were evaluated to characterize contamination 
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in OU-2. Table 2-1, OU-2 Analytical Data Summary, describes which data were collected 
for each medium. Table 2-2 describes which analytes are included in each analytical group. 
The data sets used for evaluation of surface soil, subsurface soil and groundwater are 
described below. Data review and editing is discussed in Section 2.2.2. 

Surface Soil 

Data used to evaluate OU-2 contamination in surface soil were taken from two sources: 

b OU-2 Phase I1 investigations conducted in 1991 and 1992. Some of the 

samples were collected by the CDH method (collects 0.25 inch deep sample) 
as described in Phase I1 RFIRI Report for OU-2 (DOE 1993a) and some were 
collected by the modified RFP method (collects 2 inch deep sample) (DOE 
1993a). 

OU-2 Phase I1 investigation in 1993 collected using the RFP sampling method 
(collects 2 inch deep sample). 

The 1991 and 1992 surface soil samples were collected from 2.5- and 10-acre plots, as shown 

on Figure 3-1 and analyzed for radionuclides only, Plots were selected for sampling based 
on previous investigation results (DOE 1991). Samples collected using the CDH sampling 
method were analyzed for americium, plutonium, and uranium. Samples collected using the 
modified RFP sampling method were analyzed for americium and plutonium only. The CDH 

and modified RFP samples were collected within the same sampling plots to permit a 
comparison of the results of the two methods (comparison pending). 

The 1993 surface soil samples were collected from 100-foot by 150-foot plots as shown on 
Figure 3-2. All 1993 samples were collected using the RFP sampling method. They were 
analyzed for semi-volatile organic compounds (SVOCs), pesticides/PCBs, metals, and 
radionuclides (except for americium, plutonium, and uranium). 

Surface soil results from the three different sampling programs (CDH, modified-RFP, and 
RFP) were used to evaluate the nature and extent of contamination. As part of this 
evaluation, inorganic chemical data collected using the modified-RFP and RFP methods were 

(4040-1201 -0075-841)(Rl-2 TM9)(08-8-94 9 12am)fl) 2-2 



statistically compared to background data, which were also collected using the RFP method. 
For uranium, only CDH method data were available for OU-2, those data were compared to 
the RFP method background data. 

Subsurface Soil 

Data used to evaluate contamination in subsurface soil were taken from four sources: 

e OU-2 Phase I field investigation conducted in 1987 

OU-2 Phase I1 field investigation conducted in 1991 to 1993 
Well abandonment and replacement program conducted in 1992 

OU-2 Soil Vapor Extraction (SVE) Pilot Program conducted in 1993 

e Boreholes drilled for seismic evaluation conducted in 1989 
e 

e 

e 

Many of the boreholes drilled for OU-2 investigations were within IHSS boundaries 
established prior to the time of sampling. However, a number of IHSS boundaries changed 
with publication of the Historical Release Report (DOE 1992). Boreholes from other RFP 
programs used to evaluated OU-2 contamination may or may not be within IHSS boundaries. 
Borehole locations are shown on Figure 4-1. 

For the background comparison and selection of chemicals of concern, results from subsurface 
soil samples collected below the high water table (based on May 1992 water levels which 
were higher than the average annual high) were not included in the data set in order to avoid 
including constituents transported by groundwater. Laboratory analyses of borehole samples 
was based on project-specific work plans, but generally included the following analyte groups: 
volatile organic compounds (VOCs), SVOCs, pesticidesPCBs, metals, radionuclides, and 
some analytes from the water quality parameter list. 

Ground water 

Groundwater samples were collected from RFP monitoring wells on a quarterly basis under 
an RFP-wide groundwater sampling program. Samples were collected from over 80 wells 
installed during OU-2 Phase I and Phase I1 investigations and during other investigation 

(4040-120l-007S-841)(R1-2 TM9)(08-8-94 9 12am)(l) 2-3 



I 
8 
I 
# 
I 
II 
it 
1 

conducted in 1987 and 1989 that are within the OU-2 area. Monitoring well locations are 
shown on Figure 5-1. 

Lithologic identifications for the groundwater monitoring data were determined, and only 
wells completed in the Upper Hydrostratigraphic Unit (UHSU) were included in the 
groundwater data set for the selection of chemicals of concern for risk assessment. The 
UHSU includes the Rocky Flats alluvium, colluvium, valley fill alluvium, the Arapahoe 
(No. 1) Sandstone, weathered clay stone of the Arapahoe and/or Laramie formations and 
subcropping Laramie Sandstones on the south facing slope of the Woman Creek drainage. 

The data used for evaluation of contaminant concentrations in the UHSU were taken from 
samples collected from the second quarter of 1991 through the fourth quarter of 1992. The 
second quarter of 1991 was the first quarterly groundwater sampling event for which standard 
operating procedures and validation criteria were in place. Samples collected prior to the 
second quarter of 1991 were inconsistently collected and validated. In general, the 
groundwater samples were analyzed for VOCs, SVOCs, pesticides/PCBs, filtered and 
unfiltered metals, filtered and unfiltered radionuclides, and water-quality parameters. 

2.2.2 Data Review and Editing 

Chemical analytical data used in the selection of chemicals of concern included all useable 
data as available in January 1994. Examples of unusable data include samples with no result, 
no units, or incorrect units. As of January 1994, 74 percent of the data had been validated. 
Some of the data cannot be validated, as explained in Section 2.2.3. 

Laboratory quality control samples including blanks, spikes, and surrogates, as well as 
tentatively identified compounds (TICS) were removed from the OU-2 data set. Field quality 
control samples, such as equipment rinsates, were also excluded from the working data set. 
Duplicate records for the samples were also removed as follows: 

If unvalidated and validated records for the same sample analysis were 
reported, the validated record was retained. 
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0 If multiple validated results were reported for the same sample, the record that 
contained the most complete information or had the most recent validation date 
was retained. 

0 If results for both an initial analysis and a re-analysis or re-extraction were 
reported for the same sample, the lower detection limit was retained if both 
results were non-detects and the higher reported value was retained if both 
results were detects. 

0 Organic results that were E-qualified (exceeded calibration range) were replace 
with the associated D-qualified data (diluted to within calibration range). 

Any results that were rejected (R-qualified) during the validation process were removed from 
the working data set. R-qualified data should be eliminated from risk assessment according 
to EPA criteria (EPA 1989). Rejected data represents 2 percent of the overall data. 
Radionuclides had the highest percentage of rejected data (9% or 1,208 records out of 13,924 
records) and VOCs had the total highest number of rejected records (2,133 records). 

The final step in the data evaluation process was a review of the data qualifiers in the 
database to determine proper data use. 

The E-qualifier for metals results indicates that the reported value was 

estimated due to interference. (As 
discussed above, E-qualified organic results were replaced with the 
corresponding D-qualified result.) 

These data were used as reported. 

0 The B-qualifier for metals results signifies that the reported concentration is 
greater than the instrument detection limit but less than the Contract Required 
Quantitation Limit (CRQL) for that analyte. These data were used as reported. 
The B-qualifier for organic data is addressed separately in Section 2.2.3. 

0 Analytical results were J-qualified if the compound was positively identified 

below the quantitation limit. The result was considered an estimate because 
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of the uncertainty associated with detected concentrations at low levels. Data 
qualified with a J were used as reported. 

A U-qualifier assigned to an analytical result indicates that the analyzed 
chemical was not detected above the sample quantitation limit. The U- 
qualifier was the primary mechanism used for calculating detection frequency 
of organic and inorganic analytes. One-half the reporting limit was used as 

the surrogate concentration for U-qualified results in the student t-test and 
UTL,,,99 calculations. 

For radionuclides, negative results were used as reported: therefore, there were no 
radionuclide non-detects. 

2.2.3 Use of B-Qualified Results for Organics 

Some of the analytical results for volatile and semivolatile organic compounds were not 
validated by the validation contractor because of either the absence of an approved validation 
procedure (e.g., for Method 502.2 volatiles) or data were too recent to have been through the 
validation procedure. The nonvalidated results comprise less than 26% of the OU-2 chemical 
analytical database. Non-validated results were retained in the database. 

Volatile and semivolatile organic results that were qualified with a "B" by the laboratory 
(indicating that the compound was detected in the associated method blank) but that were not 
validated by the validation contractor, were evaluated using the following methodology and 
criteria: 

1 Non-validated B-qualified results for common laboratory contaminants 
(methylene chloride, acetone, 2-butanone, and the common phthalates) were 
evaluated by comparing the reported concentration to ten times (lox) the 
Contract Required Quantitation Limit (CRQL), Practical Quantitation Limit 
(PQL), or Method Detection Limit (MDL) (depending on the analytical 
method). (See Table 2-3 for a summary of CRQL, PQL, and MDL values.) 
If the reported concentration exceeded the lox value, then the contaminant was 
deemed present in the sample and the concentration was used as reported. If 
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the reported concentration was less than or equal to the lox value, then the 
reported concentration was deemed attributable to laboratory contamination 
and the analyte was treated as non-detect. 

2. Non-validated B-qualified results for analytes other than common laboratory 
contaminants were evaluated by comparing the reported concentration to five 
times (5x) the CRQL, PQL, or MDL (depending of the analytical method). 
If the reported concentration exceeded the 5x value, then the contaminant was 
deemed present in the sample and the concentration was used as reported. If 
the reported concentration was less than or equal to the 5x value, then the 
reported concentration was deemed attributable to laboratory contamination 
and the analyte was treated as non-detect. 

Results that were B-qualified by the laboratory and validated by the validation contractor 
were used as reported (i.e., present in the sample at the reported concentration). 

A summary of the evaluation of non-validated B-qualified results is shown on Table 2-4 

2.3 BACKGROUND COMPARISON FOR INORGANIC CONSTITUENTS 

Analytical results for metals and radionuclides were compared to background levels derived 
from data for subsurface soil and groundwater reported in the Background Geochemical 
Characterization Report (DOE 1993b) and from background surface soil samples collected 
in the Rock Creek area during the 1991 OU-1 Phase 111 investigation and the 1993 OU-2 
Phase I1 investigation. Metals and radionuclides whose concentrations did not exceed 
background levels were eliminated from further consideration as potential chemicals of 
concern. 

Appendix A presents the background comparison methodology in detail and contains 
summary tables of statistical results for metals and radionuclides in all media. The methods 
and criteria used to evaluate whether a metal or radionuclide exceeded background levels are 
summarized here: 
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a. Analytical results for metals and radionuclides were compared to the 
background data using four statistical tests: the Quantile test, Slippage test, 
Student's t-test, and the Gehan test as described in the letter report of Gilbert 
(Gilbert 1993). Test conditions and treatment of nondetect values are 
discussed in Appendix A. The analyte was considered to be above background 
if it failed any test at the p10.05 level. 

b. UTL,,,,, Comparison: Analytical results for each metal and radionuclide were 
compared to the 99 percent upper tolerance limit of background data calculated 
at the 99 percent confidence level (UTL,,,,,). The UTL,,,,, test is an indicator 
of possible hot spots (Gilbert 1993), but with large sample sizes of one to two 
hundred, it is to be expected that one or two OU-2 data points would exceed 
the UTL,,,,, value. Nevertheless, if any result exceeded the UTL,,,,,, the 
analyte was identified as a potential chemical of concern. 

Some analytes did not fail any of the four statistical tests (that is, no significant statistical 
difference from background was found), but they were identified as potential chemicals of 
concern solely on the basis of one or more results exceeding the background UTL99,99. In this 
case, if three or more results exceeded the UTL,,,,,, the analyte was retained for evaluation 
in the concentration/toxicity screens for identification of OU-wide chemicals of concern (see 
Section 2.6). If only one or two results exceeded the UTL,,,,,, but no statistical difference 
from background was found, the analyte was retained for "hot spot" evaluation in the risk- 
based screen described in Section 2.8. 

2.4 ESSENTIAL NUTRIENT/MAJOR CATION AND ANION SCREEN 

Calcium, iron, magnesium, potassium, and sodium were eliminated from further consideration 
as chemicals of concern because they are essential nutrients, they occur naturally in the 
environment, and they are toxic only at very high doses. Cations and anions in groundwater 
other than nitrates were also not evaluated further. 
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2.5 FREQUENCY OF DETECTION 

All detected organic compounds and metals above background levels were evaluated for 
frequency of detection. Compounds that were detected at a frequency of 5 percent or greater 
were considered potential OU-wide chemicals of concern. These compounds were included 
in concentration/toxicity screens to identify compounds that could contribute significantly to 
total risk (see Section 2.6). Compounds detected at less than 5 percent frequency can be 
eliminated from further consideration because the compound is not characteristic of site 
contamination and the potential for exposure is low. Nevertheless, maximum concentrations 
of infrequently detected organic compounds and metals were compared to risk-based 
concentrations as described in Section 2.8 to identify isolated or highly localized occurrences 
of high concentrations of toxic chemicals (i.e.. hot spots) that could pose a risk if routine 
exposure were to occur. These chemicals were retained as "special case" chemicals of 
concern for separate evaluation in the risk assessment. Since there were no non-detect results 
for radionuclides (negative values were used as reported), they were considered to be detected 
at 100 percent frequency. 

2.6 CONCENTRATION/TOXICITY SCREEN 

Chemicals of concern were selected for each medium using concentration/toxicity screens for 
noncarcinogens, carcinogens, and radionuclides. The screens included each organic chemical 
and inorganic constituents above background levels that were detected at 5 percent frequency 
or greater in the medium. The purpose of applying the screen is to focus the risk assessment 
on the chief contributors to potential risk. To perform the screen, each chemical in a medium 
(such as groundwater) is scored according to its maximum detected concentration and toxicity 
to obtain a risk factor. The risk factor for noncarcinogenic effects is the maximum detected 
concentration divided by the EPA Reference Dose (RfD) for that chemical. The risk factor 
for carcinogenic effects is the maximum detected concentration (or activity) multiplied by the 
EPA cancer slope factor (SF) for that chemical. The chemical-specific risk factors are 
summed to calculate total risk factors for the noncarcinogenic, carcinogenic, and radioactive 
chemicals of potential concern in each medium. The ratio of the risk factor for each chemical 
to the total risk factor is called a risk index and approximates the relative risk associated with 
each chemical in the medium. Separate concentration/toxicity screens are performed for 
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carcinogenic and noncarcinogenic effects of organic compounds and metals and for 
carcinogenic effects of radionuclides. 

Each chemical that comprised 1 percent or more of the total risk factor was considered a 
chemical of concern to be retained for evaluation in the quantitative risk assessment. This 
approach reduces the number of chemicals to be carried through the risk assessment. 
However, the approach is conservative (health protective) because it retains some chemicals 
that contribute as little as 1 percent of the total potential risk. In most cases, only a few 
chemicals contribute the majority of potential risk in each medium. 

EPA-recommended toxicity factors (RfDs and cancer SFs) were used in the 
concentration/toxicity screens. SFs and RfDs were determined from IRIS (EPA 1994), 
HEAST (EPA 1993), and other EPA sources if available. The toxicity factors used in the 
screens are listed in Tables 2-5 and 2-6. 

EPA-established toxicity factors are not available for some of the potential chemicals of 
concern. Therefore, these analytes cannot be included in the concentration/toxicity screens, 
in other toxicity-based screens, or in the quantitative risk assessment. OU-2 contaminants 
without toxicity factors were identified for each medium and are listed in each section. The 
potentiat impact of these compounds on overall risk will be addressed qualitatively in the 
human health risk assessment. 

2.7 APPLICATION OF PROFESSIONAL JUDGMENT 

Professional judgment was used at two points in the process of selecting chemicals of concern 
for human health risk assessment: 

1. Exclusion of some potential chemicals of concern based on log-normal 
UTL,,,,, comparison: The background UTLs,,,,, presented in the Background 
Geochemical Characterization Report (DOE 1993b) were calculated assuming 
that the background data were normally distributed. This assumption may not 
be appropriate for all analytes. Concentrations of some analytes were within 
background range according to all statistical tests performed, but one or two 
results exceeded the background UTL,,,,,. This resulted in identifying the 
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analyte as a potential chemical of concern. When the distribution of the 
background data was tested, if the better fit was to a log-normal distribution, 
the UTL 99,99 was recalculated based on log-normal distribution and the site 
results were compared to the log-normal based UTLgg,g,. This resulted in 
excluding some analytes as potential chemicals of concern. Chemicals so 
removed are noted on tables in Appendix A.  

2. Exclusion of some potential chemicals of concern based on spatiaVtempora1 
and geochemical evaluation: The spatial and temporal distribution and 
geochemical characteristics of certain metals identified as being above 
background levels were evaluated to support a conclusion as to whether they 
were likely to be naturally occurring or due to environmental contamination. 
For example, manganese in groundwater was concluded to be naturally 
occurring based on spatial, temporal, and geochemical evaluation. This 
judgment process resulted in removing several metals as potential chemicals 
of concern. All such professional judgment is described in each section, where 
relevant. 

2.8 RISK-BASED EVALUATION OF INFREQUENTLY 
DETECTED COMPOUNDS 

Chemicals detected infrequently (in less than 5 percent of all samples in the medium) can 
usually be eliminated from consideration as chemicals of concern because they are not 
characteristic of site contamination and the potential for exposure is low. However, these 
compounds were further screened so as not to neglect an infrequently detected compound that 
could contribute significantly to risk if routine exposure to a hot spot were to occur. In this 
analysis, maximum measured concentrations were compared to screening levels equivalent 
to one thousand times ( 1 0 0 0 ~ )  risk-based preliminary remediation goals (PRGs) (DOE 1994). 

This analysis is summarized below and is presented in detail in Appendix B. 

For screening purposes, PRGs were defined as chemical concentrations associated with an 

excess cancer risk of ( 1 in 1 million) or a hazard index for noncarcinogenic effects of 

1, assuming residential exposures. Any infrequently detected chemical measured at a 
concentration greater than lOOOx the respective PRG was identified as representing a 
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potentially significant health threat if routine exposure were to occur and was included in the 
list of "special case" chemicals of concern for evaluation in the risk assessment. PRGs were 
calculated (DOE 1994) assuming a residential exposure scenario and using standard toxicity 
values (RfDs and SFs) published by EPA. PRGs for chemicals in soils were calculated 
assuming multiple pathway exposure (ingestion and inhalation of particulates). PRGs for 
chemicals in groundwater were calculated based on ingestion and inhalation of volatile 
organic compounds. The exposure parameters used to calculate PRGs are presented in 
Appendix B. 

2.9 IDENTIFICATION O F  CHEMICALS OF CONCERN 

OU-wide chemicals of concern were identified on the basis of the background comparison 
and application of the concentrationltoxicity screens. Special-case (hot spot) chemicals of 
concern were identified using the risk-based PRG screen for infrequently detected compounds. 
OU-wide and special-case chemicals of concern for each medium are summarized in each 
section of this memorandum. 
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TABLE 2-2 
OU-2 PHASE 11 RFVRI ANALYTICAL PARAMETERS 

TARGET ANALYTE LIST (TAL) - METALS 
Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Calcium 
Chromium 
Cobalt 
Copper 
Cyanide 
Iron, Total, Dissolved 
Lead 
Magnesium 
Manganese, Total Dissolved 
Mercury 
Nickel 
Potassium 
Selenium 
Silver 
Sodium 
Thallium 
Vanadium 
Zinc 

ADDITIONAL - METALS 
Cesium 
Lithium 
Molybdenum 
Silicon 
Strontium 
Tin 

GRAPHITE FURNACE ATOMIC ABSORPTION 
(GFAA) - METALS 

Cadmium 
Copper 
Iron, Total 
Lead 
Manganese 
Silver 
Zinc 

(4040- 1201 -0075-841)(TBL-22)(8/5/94 2 14 pm)(l)  

TARGET COMPOUND LIST (TCL) - VOCS 
Chloromethane 
Bromomethane 
Vinyl chloride 
Chloroethane 
Methylene chloride 
Acetone 
Carbon disulfide 
1 , l  -Dichloroethene 
1,1 -Dichloroethane 
total 1,2-DichIoroethene 
Chloroform 
1,2-Dichloroethane 
2-Butanone 
1,l ,I-Trichloroethane 
Carbon tetrachloride 
Vinyl acetate 
Bromodic hloromethane 
1 , I  ,2,2-Tetrachloroethane 
1,2-Dichloropropane 
cis- 1,3-Dichloropropene 
Trichloroethene 
Dibromochloromethane 
1,1,2-Trichloroethane 
Benzene 
trans- 1,3-Dichloropropene 
Bromoform 
2-Hexanone 
4-Methyl-2-pentanone 
Tetrachloroethene 
Toluene 
Chlorobenzene 
Ethyl benzene 
Styrene 
Total xylenes 

TCL - SVOCS 
Phenol 
bis(2-Chloroethy1)ether 
2-Chlorophenol 
1,3-Dichlorobenzene 
1,4-Dichlorobenzene 
Benzyl alcohol 
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TABLE 2-2 
(continued) 

I ,2-Dichlorobenzene 
2-Methylphenol 
bis(2-Chloroisopropy1)ether 
4-Methylphenol 
N-Nitroso-di-n-dipropylamine 
Hexachloroethane 
Nitrobenzene 
Isophorone 
2-Nitrophenol 
2,4-Dimethylphenol 
Benzoic acid 
bis(2-Ch1oroethoxy)methane 
2,4-Dichlorophenol 
1,2,4-Trichlorobenzene 
Naphthalene 
4-Chloroaniline 
Hexachlorobutadiene 
4-Chloro-3-methylphenol 

(para -chloro-meta-cresol) 
2-Methy lnaphthalene 
Hexachlorocyclopentadiene 
2,4,6-Trichlorophenol 
2,4,5-Trichlorophenol 
2-Chloronaphthalene 
2-Nitroaniline 
Dimethylphthalate 
Acenaphthy lene 
2,6-Dinitrotoluene 
3-Nitroaniline 
Acenaphthene 
2,4-Dini trophenol 
4-Nitrophenol 
Di benzofuran 
2,4-Dinitrotoluene 
Diethylphthalate 
4-Chlorophenyl phenyl ether 
Fluorene 
4-Nitroaniline 
4,6-Dinitro-Z-methylphenol 
N-Nitrosodipheny lamine 
4-Bromopheny 1 phenyl ether 
Hexachlorobenzene 
Pentachlorophenol 
Phenanthrene 
Anthracene 
Di-n-butylphthalate 
Fluoranthene 

(4040-1 201-0075-841)(TBL-22)(8/5/94 2 14 pm)(l) 

Pyrene 
Butylbenzylphthalate 
3,3'-Dichlorobenzidine 
Benzo(a)anthracene 
Chrysene 
bis(2-Ethylhexy1)phthalate 
Di-n-octy lphthalate 
Benzo(b)fluoranthene 
Benzo(k)fluoranthene 
Benzo(a)pyrene 
Indeno( 1,2,3-cd)pyrene 
Dibenz(a,h)anthracene 
Benzo(g,h,i)pery lene 

TCL - PESTICIDESPCBs 
alpha-BHC 
beta -BHC 
delta-BHC 
gamma-BHC (Lindane) 
Heptachlor 
Aldrin 
Heptachlor epoxide 
Endosulfan I 
Dieldrin 

Endrin 
Endosulfan I1 

Endosulfan sulfate 

Methoxychlor 
Endrin ketone 
alpha-Chlordane 
gamma-Chlordane 
Toxaphene 
Aroclor-1016 
Aroclor-122 1 

4,4'-DDE 

4,4'-DDD 

4,4'-DDT 

Aroclor- 
Aroclor- 
Aroclor- 
Aroclor- 
Aroclor- 

232 
242 
248 
254 
260 
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TABLE 2-2 
(continued) 

RADIONUCLIDES 
Gross Alpha 
Gross Beta 
Uranium 233+234, 235, and 238 

(each species) 
Americium 241 
Plutonium 239f240 
Tritium 
Cesium 137 Total 
Strontium 89 + 90 Total 

TOTAL ORGANIC CARBON (TOC) 
NITRATENITRITE AS N 

Parameters Exclusivelv for Groundwater SamDles 

FIELD PARAMETERS 
PH 
Specific Conductance 
Temperature 
Dissolved Oxygen 
Barometric Pressure 

WATER QUALITY PARAMETER LIST (WQPL) 
Chloride 
Fluoride 
Sulfate 
Carbonate 
Bicarbonate 
Total Dissolved Solids 
Total Suspended Solids 
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TABLE2-3 
ROCKY FLATS PLANT OU-2 

QUANTITATION AND METHOD DETECTION LIMITS FOR 
B-QUALIFIED ORGANIC COMPOUNDS 

Analyte CRQL PQL MDL Method 

I 
I 
I 
I 
I 
I 
1 
I 
1 
1 
1 
1 
I 
1 
I 
I 
I 

(4040-1201-0075-841WL2-3 XLSWy94 2 30 PMXI) 

1 , l  -Dichloroethene 
1,2,3-Trichloroebenzene 
1,2,4-Trichlorobenzene 
4-Methyl-2-pentanone 
Acetone 
Acetone 
Acetone 
Acetone 
Bis(2ethylhexyl)phthalate 
Carbon disulfide 
Carbon tetrachloride 
Chloroform 
Di-n-butyl phthalate 
Hexachlorobutadiene 
Methylene chloride 
Methylene chloride 
Methylene chloride 
Methylene chloride 
Methylene chloride 
Methylene chloride 
N-Nitrosodiphenylamine 
Naphthalene 
secButylbenzene 
Styrene 
Tetrachloroethene 
Toluene 
Toluene 
Total Xylenes 
Trichloroethene 
Trichloroethene 

0.04 pa 
0.05 p g L  
0.20 p a  

0.01 pg/L 

0.02 p g n  

0.01 pg/L 
0.09 pg/L 

5 

0.02 pg/L 
0.03 pa 

5 
0.02 p g L  
0.02 p g L  

5 
0.03 pg/L 

VOA502.2 
VOA502.2 
VOA524.2 
VOACLP 
VOA8240 
VOACLP 

VOCCLPTCL 
VOCCLPTCL 

BNACLP 
VOACLP 
VOA502.2 

VOCCLPTCL 
BNACLP 
VOA502.2 

RFVO 
VOA502.2 
VOA524.2 
VOA8240 
VOACLP 

VOCCLPTCL 
BNACLP 
VOA502.2 
VOA502.2 
VOA8240 
VOA502.2 
VOA502.2 
VOACLP 
VOA8240 
VOA502.2 

. .  0.02 p g L  VOA524.2 

CRQL, PQL, and MDL values are from General Radiochemistry and Routine 
Analytical Sevices Protocol (GRRASP) (EG&G 1991) 
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TABLE2-4 
ROCKY FLATS PLANT OU-2 

EVALUATION SUMMARY OF NON-VALIDATED B-QUALIFIED RESULTS 

No. Non -Validated Evaluation Using or Rule 9, 
Analyte Medium (*) B-Qualified Results O) No. Detects No. Non - Detects 

1,l-Dichloroethene GW 5 5 0 
1,2,3 -Tric hlorobenzene GW 1 1 0 
4-Methyl-2-Pentanone BH 1 0 1 
Acetone BH 193 84 109 

GW 2 0 2 
Bis(2-ethyIhexyl)phthalate BH 92 4 88 
Carbon Disulfide BH 1 1 0 
Chloroform GW 3 0 3 
Di-n-Butyl Phthalate BH 1 0 1 
Hexachlorobutadiene GW 1 1 0 
Methylene Chloride BH 139 8 131 

GW I5 12 3 
N-Nitrosodiphenylarnine BH 1 0 1 
Naphthalene GW 2 2 0 
sec-Butylbenzene GW 5 5 0 
Styrene BH 1 0 1 
Tetrachloroethene GW 3 3 0 
To 1 u e n e BH 1 0 1 

GW 1 1 0 
Xylene, total BH 1 0 1 
Trichloroethene GW 3 3 0 

( I )  GW = groundwater; BH = borehole (subsurface soil) 
(2) Bqualified by laboratory 
(3) Using the CRQL, PQL, or h4DL as basis for evaluation 



TABLE 2-5 
ROCKY FLATS OU-2 

TOXICITY FACTORS FOR 
ORGANIC COMPOUNDS AND METALS 

EPA Cancer 

Analyte 
1, I .  1,2-TetrachIoroethane 

Slope Factors Weight of Referei 
Evidence 

1,1,2,2-Tetrachloroethane 
1.1.2-Trichloroethane 
1.1 -Dichloroethane 
1,l-Dichloroethene 
1.2,3 -Trichloropropane 
1.2,4-Trichlorobenzene 
1.2-Dibromo-3 -chloropropane 
1.2-Dibromoethane 
1,2-Dichloroethane 
1,2-Dichloroethene 
cis- 1.2-Dichloroethene 
trans- 1,2-Dichloroethene 
1.2-Dichloropropane 
1,3 -Dichloropropane 
cis- 1.3-Dichloropropene** 
trans- 1,3-Dichloropropene ** 
1.4-Dichlorobenzene 
2-Butanone 
2-Methylphenol 

4-Methyl-2-pentanone 
4-Methylphenol 
Acenaphthene 
Acetone 
Alurninum 
Anthracene 
Antimony 
Arsenic 
Barium 
Benzene 
Benzo(a)anthracene 
Benzo(a)pyrene 
Benzo(b)fluoranthene 
Benzo(k)fluoranthene 
Benzoic acid 
Beryllium 
Bis(2-ethylhexy1)phthalate 
Bromobenzene 
Bromodichloromethane 
Bromoform 

4,4'-DDT 

Oral 
2.6E-02 (1) 
2.OE-01 (1) 
5.7E-02 (1) 

6.0E-01 (1) 

1.4E+00 (2) 
8.5E+01 (1) 
9.1E-02 (1) 

1.8E-01 (2) 
1.8E-0 1 (2) 
2.4E-02 (2) 

3.4E-01 ( I )  

1.7E+00 *** 

2.9E-02 (1) 
7.3E-01 (4) 
7.3E+OO (4) 
7.3E-01 (4) 
7.3E-02 (4) 

4.3E+00 (1) 
l.4E-02 (1) 

6.2E-02 (1) 
7.9E-03 (1) 

Inhalation 
2.6E-02 (1) 
2.OE-01 (1) 
5.7E-02 (1) 

1.7E-01 (1) 

6.9E-07 (2) 
7.7E-01 (1) 
9.1E-02 (1) 

1.3E-01 (2) 
1.3E-01 (2) 

3.4E-01 (1) 

1.5E+01 *** 

2.9E-02 ( I )  

8.4E+00 (1) 

3.9E-03 (2) 

C 
C 
C 
C 
C 

B2 
B2 
B2 

B2 
B2 
C 
D 

B2 

A 

A 
B2 
B2 
B2 
B2 

B2 
B2 

B2 
B2 

Oral 
3.0E-02 ( I )  

4.0E-03 (1) 
I.OE-01 (2) 
9.0E-03 (1) 
6.0E-03 (1) 
I .OE-02 (1) 

9.OE-03 (2) 
1.0E-02 (2) 
2.0E-02 (1) 

3.OE-04 (1) 
3.OE-04 (1) 
3 .OE-04 (1) 

6.0E-01 (1) 
5.0E-02 (1) 
5.OE-04 (1) 
5.0E-02 (2) 
5.0E-03 (6) 
6.0E-02 (1) 
1.OE-01 (1) 
2.9E+00 (6) 
3.0E-01 (1) 
4.0E-04 (1) 
3.OE-04 (1) 
7.0E-02 (1) 

4.0E+00 (1) 
5.0E-03 (1) 
2.0E-02 (1) 
5.OE-03 (1) 
2.OE-02 (1) 
2.0E-02 (1) 

2 Doses 
hhalation (*) RfC 

1.4E-01 (3) 

3.OE-03 (3) 
5.OE-05 (1) 

1.0E-03 (1) 

5.0E-03 (1) 
5.0E-03 (1) 
2.3E-01 (1) 
3 .OOE-O 1 

2.3E-02 (3) 

1.4E-04 (3) 

5.OE-01 (3) 

9.0E-03 (3) 
2.0E-04 ( I )  

4.OE-03 (1) 
2.0E-02 (1) 
2.OE-02 (1) 
2.OE-02 (1) 
8.OE-01 (2) 
1 .OE+OO (1) 

8.OE-02 (3) 

5.OE-04 (3) 
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TABLE 2-5 
(Continued) 

EPA Cancer 
Slope Factors Weight of Reference Doses 

Analyte 
Bromomethane 
Butylbenzene (sec, tert) 
Butyl benzylphthalate 
Cadmium (food) 
Cadmium (water) 
Carbon disulfide 
Carbon tetrachloride 
Cesium 
Chlorobenzene 
Chloroethane 
Chloroform 
Chlorotoluene,o- 
Chromium 111 
Chrysene 
Cobalt 
Di-n-butylphthalate 
Di-n-octy lphthalate 
Di bromochloromethane 
Dibrornomethane 
Dichlorodifluoromethane 
Diethyl phthalate 
Et hy lbenzene 
Fluoranthene 
Fluorene 
Heptachlor epoxide 
Hexachlorobutadiene 
Hexachloroethane 
Indene( 1,2,3-cd)pyrene 
Lithium 
Manganese (food) 
Manganese (water) 
Mercury 
Methylene chloride 
Molybdenum 
N-nitrosodipheny lamine 
Naphthalene 
Nickel 
Nitrate 
Pentachlorophenol 
Polychlorinated biphenyls 
Pyrene 
Selenium 
Silver 

(4040-133014N75-841) (TBLZ-5.XU) (813194 Y:38 PM) 

Oral Inhalation Evidence Oral 

1.3E-0 1 ( 1) 

6.1E-03 (1) 

7.3E-02 (4) 

8.4E-02 (1) 

9.1E+00 (1) 
7.8E-02 (1) 
1.4E-02 (1) 
7.3E-01 (4) 

7.5E-03 (1) 

4.9E-03 (1) 

1.2E-01(1) 
7.7E+00 ( 1 )  

6.3E+OO (1) 

5.2E-02 (1) 

8.0E-02 (1) 

9.1E+O0 (1) 
7.7E-02 (1) 
1.4E-02 (1) 

1.6E-03 (1) 

8.4E-01 (1) 

C 
B1 
B1 

B2 

B2 

B2 

D 
D 

D 

B2 
C 
C 

B2 

D 
D 
D 
B2 

B2 

A 

B2 
B2 
D 

D 

1.4E-03 (1) 
I.0E-02 (6) 
2.OE-01 (1) 
1 .OE-03 (1) 
5.OE-04 (1) 
1.OOE-01 (1) 
7.0E-04 (1) 

2.0E-02 (1) 

1.OE-02 ( I )  
2.OE-02 (1) 
1.0E+00 (1) 

1.8E-0 1 (6) 
1 .OE-0 1 ( 1) 
2.OE-02 (2) 
2.OE-02 (1) 

2.OE-01 (1) 
8.OE-0 1 (1) 
1.OE-01 (1) 
4.OE-02 (1) 
4.OE-02 (1) 
1.3E-05 (1) 

1 .OE-O3 (1) 

2.OE-02 (6) 
1.4E-0 1 ( I )  
5.OE-03 (1) 
3.OE-04 (2) 
6.OE-02 (1) 
5.OE-03 (1) 

4.OE-02 (6) 
2.OE-02 (1) 
1.6E-00 (1) 
3.OE-02 (1) 

3.OE-02 ( I )  
5.OE-03 (1) 
5.OE-03 (1) 

nhalation (*: 
1.4E-03 

2.9E-03 

I .4E-O3 
5.7E-03 
3.OE+OO 

5.7E-05 
5.7E-02 

3 .OE-O 1 

1.4E-05 

9.OE-05 
9.OE-O 1 

RfC 
5.0E-03 (1) 

1.OE-02 (2) 

5.OE-03 (1)  
2.OE-02 (3) 
1 .OE+O 1 (1) 

2.OE-04 (2) 
2.OE-01 (3) 

1 .OE+Ol (1) 

5.OE-05 (1) 

3.OE-04 (2) 
3 .OE+OO (2) 
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TABLE 2-5 
(Concluded) 

Strontium 
Styrene 
Tetrachloroethene 
Thallium (oxide) 
Tin 
Toluene 
Trichloroethene 

Xylenes 
Trichlorofluoromethane 

Vanadium 
Vinyl chloride 
Zinc 

6.OE-01 (1) 
2.OE-01 (1) 2.8E+O0 l.OE+Ol (1) 

5.2E-02 (5) 2.OE-03 (5) B2 1 .OE-02 (1) 
7.OE-05 (2) 
6.0E-02 (2) 

D 2.OE-01 (1) l.lE-01 4.OE-00 (1)  
l.lE-02 (5) 6.OE-03 (5) B2 

3.OE-01 (1) 
2.OE+00 (1) 
7.OE-03 (2) 

1.9E+O (1) 3.OE-01 (1) A 
D 3.OE-0 1 (1) 

Sources: 
1 = IRIS (EPA 1994). 
2 = HEAST 1993 and Supplements (EPA 1993a). 
3 = HEAST 1993 Table 2 (EPA 1993a). 
4 = EPA 1993b. 
5 = Joan S. Dollarhide, Superfund Health R s k  Technical Support Center. "Carcinogenicity Characterization of 

6 = Provisional values for aluminum, butylbenzene, cobalt, lithium, and naphthalene. USEPA. ECAO. 
Notes: 
* Calculated from RfC. RfD = RfC x 20m3/day/7Okg. 
** Values are for 1,3-dichloropropene. No data for individual isomer. 
*** Converted from IRIS unit risks. Oral proposed U.R. = 5.00E-O5/ug/L. Inhalation U.R. = 4.30E-O3/ug/m3. 

Oral SF = 5.00E-05 x 1000ug/mg x 7Okg/2L. Inhalation SF = 4.30E-03/ug/m3x1000ug/mgx70kg/20m3. 
EPA Cancer Weight of Evidence : 
A = Human carcinogen 
Bl = Probable human carcinogen (limited human data) 
B2 = Probable human carcinogen (animal data only) 
C = Possible human carcinogen 
D = Noncarcinogenic (inadequate evidence) 
- = Not classifiable or not carcinogenic 

Perchloroethylene (PERC) and Trichloroethylene (TCE) (Luke Air Force Base. Arizona)." ECAO. 
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TABLE 2-6 
ROCKY FLATS PLANT OU-2 

SLOPE FACTORS 
FOR RADIONUCLIDES 

EPA Cancer 
Oral Inhalation External Weight of 

Anal yte (RisWpCi) @sWpCi) @sk/yr/pCi/g) Evidence 
Americium-24 1 2.4E- 10 3.2E-08 4.9E-09 A 
Cesium- 1 3 7 +D 2.8E-11 1.9E-11 2.0E-06 A 
Plutonium-23 9 2.3E-10 3.8E-08 1.7E-11 A 
Plutonium-240 2.3E-10 3.8E-08 2.7E-11 A 
Radium-226 +D 1.2E-10 3.0E-09 6.0E-06 A 
Radium-228 +D 1.OE-10 6.6E-10 2.9E-06 A 
Strontium-89 3 .OE- 12 2.9E- 12 4.7E-10 A 
Strontium-90 +D 3.6E-11 6.2E-11 O.OE+OO A 
Tritium 5.4E- 14 7.8E-14 O.OE+OO A 
Uranium-233,234 * 1.6E-11 2.6E-08 3.OE-11 A 
Uranium-235 +D 1.6E-11 2.5E-08 2.4E-07 A 
Uranium-238 +D 2.8E-11 5.2E-08 3.6E-08 A 

Source: E A S T  1993. 

A = Class A (human) carcinogen. 
* = Slope factors shown are for U-234. 
+D = Risks from radioactive decay products included. 
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3 .O 

SURFACE SOIL CHEMICALS OF CONCERN 

3.1 SURFACE SOIL DATA SET 

Chemicals of concern in surface soil were selected using data from samples collected in the 
OU-wide sampling program. Samples were collected within IHSSs as well as in a grid 
pattern across the whole OU. The data set includes 69 samples analyzed for metals (some 
metals were not analyzed for in some samples), between 13 and 80 samples analyzed for 
various radionuclides, and 40 samples analyzed for SVOCs and pesticide/PCBs. The 
sampling and analytical program is summarized in Tables 2-1 and 2-2. Sample sizes for each 
analyte are listed in the Background Comparison Summary Tables in Appendix A. Surface 
soil sampling locations are shown in Figures 3-1 and 3-2. 

3.2 BACKGROUND COMPARISON AND FREQUENCY OF DETECTION 

Tables 3-1 and 3-2 summarize the maximum detected concentrations, detection frequencies, 
and results of the background comparison for metals in OU-2 surface soil samples. The 
statistical comparisons to background data are presented in detail in Appendix A. Cesium, 
molybdenum, and silver were all detected at less than 5 percent frequency. Radionuclides 
are assumed to be detected at 100 percent frequency, and radionuclides above background 
levels are listed in the concentration/toxicity screen in Table 3-4. 

Background surface soil data consist of analytical results from samples collected at 18 

locations in the Rock Creek area. Nine of the locations were sampled in February 1992 and 
the remaining nine locations were sampled in March 1993. All background surface soil 
samples were collected using the RFP sampling method, a composite method in which the 
top 2 inches of soil are collected. The OU-2 samples were collected using the RFP and CDH 
methods as discussed in Section 2.2. 

All radionuclides above background levels, as well as organics and metals above background 

that were detected at 5 percent or greater detection frequency, were included in 
concentration/toxicity screens to select OU-wide chemicals of concern. Chromium and lead . 
(4040-1201-0075-841)(R1-3 TM9)(08-08-94 09 24am)(l) 3-1 



were the only two metals that were identified as being potential chemicals of concern based 
on the background comparison (other than calcium and iron, which were removed from 
further evaluation in Section 2.4). The maximum chromium concentration was 29.5 mgkg;  
the maximum lead concentration was 145 mgkg.  Since lead does not have approved EPA 
toxicity factors, it cannot be included in the concentration/toxicity screen to select risk-based 
chemicals of concern. However, it will be retained for qualitative evaluation in the risk 
assessment. 

Chromium was not included in the concentration/toxicity screen for the following reasons. 
Chromium was not significantly different than background according to the formal statistical 
test described in Appendix A. In addition, chromium had only two sample results that 
exceeded the background UTL,,,, of 24.8 mgkg.  One result of 29.5 m g k g  occurred at 
location SS200893, which is in a non-IHSS area approximately 700 feet south of the 
Southeast Trenches, and one result of 28 mgkg  occurred at SS200193, which is in the 903 
Pad area. Because only two results exceeded the background UTL,,,,,, but no statistical 
difference from background was found, chromium was not considered as a potential OU-wide 
chemical of concern but was included in the risk-based PRG screen to identify special case 
("hot spot") chemicals of concern (Appendix B). 

3.3 ELIMINATION O F  SEMIVOLATILE ORGANIC COMPOUNDS AS OU-2 

CONTAMINANTS IN SURFACE SOIL 

The occurrences of the SVOCs benzoic acid, polycyclic aromatic hydrocarbons (PAHs), and 
bis(2-ethyihexy1)phthalate detected in surface soil samples were evaluated to determine 
whether or not their presence is likely to be a result of environmental contamination. This 
evaluation is described below. Detected concentrations of SVOCs in surface soil are 
displayed in Figure 3-3. 

Benzoic acid: Benzoic acid was detected in numerous background and OU-2 surface soil 
samples, as shown below: 
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Benzoic Acid 

Detection 
No. No. YO Range Limit 

S amp1 es Detects Detects (PSfiS) ( M k )  

Background 14 7 50 435 - 2305 1600 

o u - 2  40 36 90 405 - 7005 1600 

Concentrations were all estimated values well below the reporting limit of 1600 pgkg.  Of 
the 36 results in OU-2 samples, 28 fell between 51  and 300 pgkg,  comparable to 
concentrations detected in background samples; 8 results ranged from 330 to 700 pgkg.  
Benzoic acid was reported in samples in the extreme outlying portions of the buffer zone 
where no other organic contamination was observed (see Figure 3-3). It is probable that the 
reported results in background and in OU-2 samples are laboratory artifacts. False positives 
for this compound are common due to cross-contamination from glassware and the 
chromatographic instruments. Because of the difficulty in obtaining reliable results, this 
chemical has been removed from the EPA CLP Statement of Work OLM-1 .O and subsequent 
revisions. Review of the results compared to detection limit also indicates that benzoic acid 
detections may not be reliable. For example, 34 of the 43 reported detected values (36 site 
samples and 7 background samples) were less than 20 percent of the quoted quantitation 
limit. These 34 values are considered unreliable. None of the reported detected values 
exceeded 50 percent of the quantitation limit. These values are probably unreliable. 

In conclusion, benzoic acid is not considered an environmental contaminant in OU-2 and it 
is eliminated from further evaluation. 

PAHs: Several PAHs were detected in as many as 22 of the 40 surface soil samples analyzed 
for PAHs in OU-2. Of the 40 samples, 6 were collected at biased sampling locations (IHSSs) 
and 34 were random (grid-based) samples collected across OU-2. The sampling locations and 
concentrations are shown in Figure 3-3. Concentrations of PAHs measured in the biased 
samples were comparable to those measured in the random samples. For example, Table 3-3  
shows that benzo(a)anthracene ranged from 41 to 130 pg/kg in the random samples and from 
51  to 160 pg/kg in the biased samples. The ranges are similar for other PAHs detected in 
OU-2 surface soil samples (Table 3-3). 
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PAHs are common products of hydrocarbon combustion, including vehicle emissions, and 
burning of coal, wood, tobacco, and petroleum-based fuels. Because similar PAH levels are 
found in random and in biased samples, the detected PAHs are thought to be related to non- 
waste related activities in OU-2. Therefore, they are not included as OU-2 contaminants in 
the concentration/toxicity screens. However, to address the uncertainty of the origin of the 
PAHs in surface soil, risk associated with exposure to PAHs in surface soil will be evaluated 
in the uncertainty section of the risk assessment. 

Bis(2-ethylhexYl)~hthalate: Bis(2-ethylhexyl)phthalate, a common field and laboratory 
contaminant, was detected in numerous background and OU-2 surface soil samples, as shown 
below: 

Bis(2-ethylhexy1)phthalate 

Detection 
No. No. YO Range Limit 

Samples Detects Detects (Clgkg) (Clgkg) 

Background 18 3 17 355-  140 330 

o u - 2  40 9 23 495 - llOJ [510] 330 

Bis(2-ethylhexy1)phthalate was detected in 9 of 40 (23 percent) surface soil samples widely 
distributed across OU-2, including locations distant from source areas (see Figure 3-3). 
Concentrations in most OU-2 samples ranged from 49 to 110 pg/kg (detection limit = 330 
pgkg),  and one sample had a concentration of 510 pgkg.  In background samples, bis(2- 
ethylhexy1)phthalate was detected in 17 percent of the samples in concentrations ranging from 
35 to 140 pgkg.  Since the distribution of OU-2 results and background results are similar, 
and since this compound is a common field and laboratory contaminant, it is concluded that 
bis(2-ethylhexy1)phthalate in OU-2 samples is not an environmental contaminant and it is 
eliminated from further evaluation as a chemical of concern. 

3.4 CONCENTRATIONlTOXICITY SCREENS 
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Concentration/toxicity screens for surface soils are present in Tables 3-4 and 3-5. All 
analytes that contribute at least 1 percent of the total risk factor are retained as OU-wide 
chemicals of concern. OU-wide chemicals of concern are listed below and in Table 3-7: 

OU-Wide Chemicals of Concern 
Surface Soil 

Aroclor-1254 
Aroclor-1260 

Americium-24 1 
Plutonium-239,240 

Aroclor-1254 and Aroclor-1260 were detected at sites SS200293 and SS200393 in the Mound 
Area (see Figure 3-4). Americium-24 1 and plutonium-239/240 were detected all across OU-2 
(see Figure 3-5). 

Compounds that were detected but do not have EPA-established toxicity factors are listed in 
Table 3-6. Delta-BHC and lead were detected above background levels in surface soils but 
do not have EPA toxicity factors and therefore, cannot be evaluated in a toxicity- or risk- 
based screen. The potential contribution of these metals to overall risk will be evaluated 
qualitatively in the risk assessment. 

3.5 RISK-BASED EVALUATION O F  INFREQUENTLY DETECTED 
COMPOUNDS 

Special-case chemicals of concern are compounds that are infrequently detected (and 
therefore, are not potential OU-wide chemicals of concern), but that could pose a health risk 
if long-term exposure were to occur to the maximum detected concentration. They are 

identified by comparing the maximum detected concentrations to values equivalent to 1000 
times chemical-specific PRGs (DOE 1994). The PRGs are calculated assuming long-term 
residential exposure. Maximum concentrations of DDT and di-n-butylphthalate (each detected 
at 3 percent frequency) and chromium (as explained in Section 3.2) were compared to the 
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screening values ( 1 0 0 0 ~  PRGs). The screen is discussed in Appendix B and the results for 
surface soil are presented in Table B-1. 

None of the maximum concentrations of chromium, DDT, or di-n-butylphthalate exceeded 
the 1000 times PRG value. Therefore, there are no special case chemicals of concern in 
surface soils for OU-2. 
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TABLE 3-1 
ROCKY FLATS PLANT OU-2 

ORGANIC COMPOUNDS AND METALS DETECTED AT 
5% OR GREATER FREQUENCY 

SURFACE SOIL 

Maximum Detection 
Detected Frequency 

Cone. (mgkg) % > Background? 
Organic Compounds: 
Aroclor- 1254 0.97 5 
Aroclor-1260 0.66 5 
Benzo(a)anthracene 0.16 18 
Benzo(a)pyrene 0.16 18 
Benzo(b)fluoranthene 0.24 23 
BenzoQfluoranthene 0.076 5 
Benzoic acid 0.7 93 
Bis(2ethylhexyl)phthalate 0.51 23 
Chrysene 0.2 28 
Fluoranthene 0.39 48 

Phenanthrene 0.23 30 
Indeno(l,2,3cd)pyrene 0.083 5 

Pyrene 0.35 55 

Metals: 
Aluminum 18700 100 No 
Arsenic 6.7 100 No 
Barium 208 100 No 
Beryllium 1.3 20 No 
Cadmium 2.2 14 No 
chromium 29.5 100 Yes 
cobalt 10.2 100 No 
Copper 20.5 100 No 
Lead 145 100 Yes 
Lithium 22.9 91 No 
Manganese 1110 100 No 
Nickel 21.6 87 No 
Selenium 1.1 28 No 
Strontium 100 100 No 
Thallium 0.5 6 No 
Tin 93.3 29 No 
VanadiUm 51.1 100 No 
Zinc 89.3 100 No 
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1 TABLE 3-2 
ROCKY FLATS PLANT OU-2 

ORGANIC COMPOUNDS AND METALS DETECTED AT 
LESS THAN 5% FREQUENCY 

SURFACE SOIL c 
7 

Maximum Detection 
Detected Frequency 

Cone. (mgkg) % > Background? 
Organic Compounds: 
4,4'-DDT 4 delta-BHC 
Benzo(ghi)perylene I Di-n-butylphthalate 

0.026 
0.023 
0.045 

1.0 

. 
Metals: 
Cesium 8.7 2 No 1 Molybdenum 5.3 2 No 
Silver 1.2 2 No 
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TABLE 3-3 
ROCKY FLATS PLANT OU-2 

CONCENTRATION RANGES OF SELECTED PAHs AT 
RANDOM AND BIASED SURFACE SOIL 

SAMPLING LOCATIONS 

Detected Concentration ’ , mgkg 
Random Biased 

(grid-based) (IHSSS) 
Benzo(a)anthracene 0.041 - 0.130 0.05 1 - 0.160 
Benzo(a)pyrene 0.048 - 0.140 0.068 - 0.160 
Benzo(b)fluoranthene 0.090 -0. 200 0.038 - 0.240 
Pyrene 0.054 - 0.260 0.098 - 0.350 

’ Detected concentrations are a11 estimated values below the reporting limit (0.330 mgkg). 
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TABLE 3-4 
ROCKY FLATS OU-2 

CONCENTRATION/TOXICITY 
SURFACE SOIL 
CARCINOGENS 

SCREEN 

~~ ~ 

Maximum % 
Detected Inhalation Oral Risk Risk ofTotal 

Chemical Conc. (mg/kg) Slope Factor’ Slope Factor Factor Index Risk Factor 
Aroclor- 1254 0.97 n/a 7.7E+00 7.5E+O0 6.OE-01 59.5 
Aroclor-1260 0.66 n/a 7.7E+00 5.1E+00 4.OE-01 40.5 
Total Risk Factor 1,3E+O 1 

Slope factors are in units of I/(mg/kg-day). 
n/a = not available. 

Therefore oral toxicity factors were used in the screen. 
The inhalation exposure route is considered relatively minor in outdoors compared to ingestion 1 
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TABLE3-5 
ROCKY FLATS OU-2 

CONCENTRATION/TOXICITY SCREEN 
SURFACE SOIL 

RADIONUCLIDES 

Maximum % 
Detected Inhalation Oral Risk Risk ofTotal 

Chemical Conc. (pCi/g) Slope Factor' Slope Factor Factor Index Risk Factor 
Plutonium-23 9, 7300 3.8E-08 2.3E-10 1.7E-06 9.8E-01 97.7 
Americium-21 1 160 3.2E-08 2.4E-10 3.8E-08 2.2E-02 2.2 
Uranium-238 7.74 5.2E-08 2.8E-11 2.2E-10 1.3E-04 0.0 
Radium-226 1.46 3.0E-09 1.2E-10 1.8E-10 1.0E-04 0.0 
Strontium-89.90 2.09 6.2E-11 3.6E-11 7.5E-11 4.4E-05 0.0 
Uranium-233,23 3.58 1 2.6E-08 1.6E-11 5.7E-11 3.3E-05 0.0 
Uranium-235 0.68 2.5E-08 1.6E-11 1.IE-11 6.3E-06 0.0 

Total Risk Factor 1.7E-06 

Slope factors are in units of l/pCi 

The inhalation exposure route is considered relatively minor in outdoors compared to ingestion. 
Therefore. oral slope factors were used in the screen. 
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TABLE34 
ROCKY FLATS PLANT OU-2 

DETECTED ORGANIC COMPOUNDS AND METALS 
ABOVE BACKGROUND WITHOUT EPA TOXICITY FACTORS 

SURFACE SOIL 

delta-BHC 
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TABLE3-7 
ROCKY FLATS PLANT OU-2 
CHEMICALS OF CONCERN 

SURFACE SOIL, 

Aroclor-1254 
Aroclor-1260 

Americium-24 1 
Plutonium-23 9/240 
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4 .o 
SUBSURFACE SOIL CHEMICALS OF CONCERN 

4.1 SUBSURFACE SOIL DATA SET 

Chemicals of concern in subsurface soil were selected using data from over 350 samples 
collected during OU-2 Phase I and Phase I1 subsurface soil investigations. Because some 
analytes were added to or removed from laboratory chemicals lists, not all samples were 
analyzed for the same VOCs, SVOCs, pesticidesPCBs, metals, and radionuclides. 
Approximately 380 samples were analyzed for VOCs. SVOCs were analyzed for in 214 
samples, and pesticidePCBs were analyzed for in 224 samples. Various metals were 
analyzed for in 189 to 300 samples, various radionuclides were analyzed for in 49 to 284 
samples. The sampling and analytical program is summarized in Tables 2-1 and 2-2. 

Borehole locations are shown in Figure 4-1. 

4.2 BACKGROUND COMPARISON AND FREQUENCY OF DETECTION 

Tables 4- 1 and 4-2 summarize the maximum detected concentrations, detection frequencies, 
and results of background comparison in OU-2 subsurface soil samples. Background data for 

subsurface soils were taken from the Background Geochemical Characterization Report (DOE 
1993b). The statistical comparisons of inorganic results to background data are presented in 
detail in Appendix A. 

Radionuclides are assumed to be detected at 100 percent frequency, and radionuclides above 
background levels are listed in the concentration/toxicity screen in Table 4-5. 

Analytes above background that were detected at 5 percent or greater detection frequency 
were included in the concentrationhoxicity screens to select OU-wide chemicals of concern, 
with the following exceptions: 
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Analytes Excluded as OU-Wide Potential Chemicals of Concern 

Statistically > Background No. Results > Maximum 
Analyte Background' UTL99199 UTL99199 Concentration 

Chromium No 89.1 mgkg  1 127 mgkg  

Cobalt No 38.1 mg/kg 1 38.5 mgkg  

Manganese No 1194 mg/kg 1 3160 mgkg  

Mercury No 2.1 mgkg  2 114 m g k g  

Silver No 33.1 m g k g  2 96.5 mgkg  

Zinc No 182.9 mgkg  2 437 mgkg  

' See Appendix A. 

None of these analytes were significantly different than background according to the formal 
statistical tests described in Appendix A.  In addition, only one or two sample results 
exceeded the background UTL,,,,,. Results above the UTL,,,,, can indicate hot spots. Figures 
4-2a through 4-2c show the locations of the few results that exceed that background UTL,,,,,. 
Some sample locations are associated with IHSSs and others are not. Therefore, these 
analytes were not considered as potential OU-wide chemicals of concern in subsurface soil, 
but were included in the risk-based PRG screen to identify special-case chemicals of concern 
(Appendix B). 

4.3 CONCENTRATION/TOXICITY SCREENS 

Concentration/toxicity screens for subsurface soil are presented in Tables 4-3 through 4-5. 
All analytes that contribute at least 1 percent of total risk factor are retained as OU-wide 
chemicals of concern for quantitative risk assessment. In addition, cadmium is retained as 
a chemical of concern because: 

It contributes 0.7 percent of the risk factor for noncarcinogenic effects, which 
is close to 1 percent. 
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It represents a relatively high cancer risk only by the inhalation exposure 
route. Inhalation risks are not assessed in the concentration/toxicity screens 
because inhalation is usually a relatively insignificant exposure route compared 
to ingestion. However, since cadmium is carcinogenic only by the inhalation 
route, it is prudent to retain it as a COC. 

Chemicals of concern are listed below and in Table 4-7 

OU-Wide Chemicals of Concern 
Subsurface Soil 

Arsenic 
Cadmium 
Tetrachloroethene 
Americium-24 1 
Plutonium-239/240 
Radi um -22 8 
Urani um -2 3 3 /2 3 4 
Uranium-238 

The distribution of arsenic and cadmium (concentrations above background mean plus two 
standard deviations) is shown in Figures 4-3a through 4-3e. They were detected in elevated 
concentrations in some trenches, such as Trench T-3 (IHSS 110) and Trench T-4 (IHSS 
11 1.1) in the Northeast Trenches Area, Trench T-7 (IHSS 11 1.4), and Trench T-8 (IHSS 
1 1 1.5) in the Southeast Trenches Area. Other occurrences are scattered throughout OU-2. 
Data review indicates that most of the elevated concentrations are found in samples collected 
in the 1987 sampling and analysis program. These results were not validated because the 
Rocky Flats quality assurance program had not yet been established. Post-I 987 samples 
collected from nearby locations did not confirm the presence of elevated Concentrations. 
Furthermore, elevated concentrations tend to be constant with depth, suggesting the absence 
of localized contaminant sources (e.g., at the surface or buried within trenches). In addition, 
some of the highest concentrations were detected at depths of 20 to 44 feet, which are 
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probably below potential sources in trenches, which are estimated to have depths of 5 to 10 
feet. Based on this review, it  is questionable whether arsenic and cadmium are actual 
environmental contaminants in subsurface soils. Nevertheless, as a conservative measure, 
they are retained as chemicals of concern in subsurface soil. 

The distribution of radionuclide chemicals of concern (activities above background mean plus 
two standard derivations) is shown in Figures 4-4a through 4-4j. Plutonium and americium 
are the chief radionuclide chemicals of concern. Elevated activities of uranium-233,234 and 
uranium-238 are associated with americium and plutonium in the Northeast Trenches Area 
and in the Mound Area. Elevated activities of uranium isotopes also occur in the 903 Pad 
Area and the Southeast Trenches area, although in these areas elevated uranium is not 
consistently associated with americium and plutonium. 

Radium-228 is also identified as a chemical of concern on the basis of the 
concentration/toxicity screen (maximum activity = 6.32 pCi/g). Radium-228 was significantly 
different than background levels according to the statistical tests described in Appendix A, 
and six results exceeded the background UTL99,99 of 2.330 pCi/g. Elevated activities of 
radium-228 (and radium-226) are not associated with elevated activities of americium and 
plutonium. For example, in the Southeast Trenches Area (boreholes B218989 and B3 19789) 
and east of the Spray Field (B2 18 189), elevated radium results occur at depths of 14 feet to 

greater than 35 feet below ground surface (bgs), well below the estimated depth of the 
trenches; no elevated activities of americium or plutonium occur at these depths. Elevated 
radium results also occur at boreholes 09791 (903 Pad Area) and B315289 and 00291 (both 
east of the 903 Pad Area), but americium and plutonium are below background levels, except 
for one result for plutonium at 8 feet. In conclusion, radium is probably not an environmental 
contaminant in OU-2. However, it is retained as a chemical of concern for risk assessment. 

Tetrachloroethene (PCE) is the only volatile organic chemical of concern in subsurface soils. 
The distribution of PCE and other VOCs in subsurface soils is shown in Figures 4-5a through 
4-5e. 

Potential chemicals of concern that do not have EPA-established toxicity factors are listed in 
Table 4-6. These compounds cannot be evaluated in a toxicity- or risk-based screen to select 
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chemicals of concern. However, their potential contribution to overall risk will be evaluated 
qualitatively in the risk assessment for OU-2. 

4.4 RISK-BASED EVALUATION O F  INFREQUENTLY DETECTED 
COMPOUNDS 

Maximum concentrations of 33 VOCs, SVOCs, and pesticide/PCBs detected at < 5 percent 
frequency and 6 metals (as explained in Section 4.2) were compared to values equivalent to 
1000 times chemical-specific PRGs. Although these chemicals were detected in subsurface 
soil where exposure potential is limited, the PRGs used in this screening evaluation were 
calculated assuming long-term residential exposure. This approach is extremely conservative, 
since it assumes a 30-year exposure to chemicals in subsurface soil. The PRGs are used to 
identify special-case chemicals of concern that could pose a health risk if long-term exposure 
were to occur in a highly localized area. This screen is discussed in Appendix B and the 
results for subsurface soil are presented in Table B-2. 

None of the chemicals detected at low frequency in subsurface soil exceeded the 1000 times 
PRG value. Therefore, no special case chemicals of concern were identified in subsurface 
soil. 

In addition, there are 8 chemicals detected at low frequency that do not have PRGs because 
of the absence of toxicity factors. These could not be evaluated in the PRG screen. These 
chemicals are listed in Table B-4. 
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TABLE 4-1 
ROCKY FLATS PLANT OU-2 

5% OR GREATER FREQUENCY 
ORGANIC COMPOUNDS AND METALS DETECTED AT 

SUBSURFACE SOIL 

Maximum Detection 
Detected Frequency 

Cone. (mgkg) % > Background? 
Organic Compounds: 
1,1,l-Trichloroethane 
1,2-Dichloroethane 

13 
0.12 

5 
9 

2-Butanone 0.15 6 
Acetone 26 38 
Bis(2ethylhexyl)phthalate 12 38 
Di-n-butylphthdate 3.4 26 
Methylene chloride 29 28 
N-nitrosodiphenylamine 0.28 13 
Tetrachloroethene 13000 13 
Toluene 7.6 38 
Metals: 
Aluminum 27900 100 No 
Antimony 26.8 8 No 
Arsenic 30.8 94 Yes 
BariUItl 589 83 Yes 
Beryllium 22.9 49 No 
Cadmium 10.5 34 Yes 
Cesium 5.1 63 No 
chromium 127 98 Yes 
Cobalt 38.5 53 Yes 
Copper 132 86 Yes 
Lead 86.4 100 Yes 
Lithium 32 9 75 No 
Manganese 3 160 100 Yes 
Mercury 114 24 Yes 
Molybdenum 18.7 22 No 
Nickel 33.8 82 No 
Silver 96.5 13 Yes 
Strontium 459 78 No 
Thallium 0.7 17 No 
Tin 59.3 21 No 
Vanadium 80.4 97 No 
Zinc 437 100 Yes 
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TABLE 4-2 
ROCKY FLATS PLANT OU-2 

LESS THAN 5% FREQUENCY 
ORGANIC COMPOUNDS AND METALS DETECTED AT 

SUBSURFACE SOIL 

Maximum Detection 
Detected Frequency 

Conc. (mg/kg) YO > Background? 
Organic Compounds: 
1,1,2,2-Tetrachloroethane 0.005 0.3 

1,3-Dichloropropene, cis 0.006 0.3 
1,4-Dichlorobenzene 0.043 0.5 

1,2-Dichloroethene 0.09 1 

2-Chloroethyl vinyl ether 0.03 1 1 
2-Methylnaphthalene 8.1 1 
2-Methylphenol 0.45 0.5 
4,4'-DDT 0.14 0 4  
4-Methyl-2-pentanone 0.01 1 0.3 
4-Methylphenol 2.9 0.5 
4-Nitroaniline 1.6 0.5 
Acenaphthene 0.28 1 
Anthracene 0.26 0.5 
Aroclor- 1254 8.9 3 
Benzene 0 012 0.3 
Benzo(a)anthracene 0.53 0.5 

Benzo(b)fluoranthene 0.82 0.5 
Benzo(ghi)perylene 0.36 0.5 
Benzoic acid 0.4 1 
Butyl benzylphthalate 0.52 0.5 
Carbon disulfide 0.14 0.3 
Carbon tetrachloride 140 4 
Chloroethane 0.007 0.3 
Chloroform 8.8 3 
Chrysene 0.42 1 
Di-n-octylphthalate 0.26 0.5 
Ethylbenzene 0.026 2 
Fluoranthene 1 2 
Fluorene 0.19 0.5 
Hexachlorobutadiene 0.17 0 5  
Hexachloroethane 1.1 0.5 
lndeno( 1,2,3cd)pyrene 0.33 0.5 

Benzo(a)pyrene 0.48 1 

Naphthalene 2 1 
Pentachlorophenol 0.095 1 

Styrene 
Total xylenes 

1.3 
0.017 
0.23 

2 
0.3 
4 I Trichloroethene 120 4 

Metals: 
Selenium 0.5 4 No 
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TABLE 4-3 
ROCKY FLATS OU-2 

CONCENTRATION/TOXICITY SCREEN 
SUBSURFACE SOIL 

NONCARCINOGENS 

Maximum % 
Detected Inhalation Oral Risk Risk of Total 

lli 

CI 
il 
1 
1 m s  are in units of mgflrg/day. 

’& Chemical Conc. ( m a g )  Rfw) RfD Factor Index ksk  Factor 
Tetrachloroethene 13000 n/a 1 .OE-02 1.3Ei-06 9.1E-01 91.4 
Arsenic 30.8 n/a 3 .OE-O4 1.OEi-05 7.2E-02 7.2 
Cadmium 10.5 n/a 1 .OE-03 1.1Ei-04 7.4E-03 0.7 
Barium 589 1.4E-04 7.0E-02 8.4Ei-03 5.9E-03 0.6 
Bis(2ethylhexyl)phthalate 12 n/a 2.OE-02 6.OEi-02 4.2E-04 0.0 
Methylene chloride 29 9.0E-01 6.0E-02 4.8EM2 3.4E-04 0.0 
Acetone 26 n/a l.OE-O1 2.6Ei-02 1.8E-04 0.0 
Toluene 7.6 l.lE-O1 2.0E-01 3.8Ei-01 2.7E-05 0.0 
Di-n-butylphthalate 3.4 n/a l.OE-O1 3.4Ei-01 2.4E-05 0.0 
2-Butanone 0.15 3.0E-01 6.0E-01 2.5E-01 1.8E-07 0.0 

Total Risk Factor 1.4Ei-06 

n/a= not available. 

(1) The inhalation exposure route is considered relatively minor in outdoors compared to ingestion. 
Therefore, oral toxicity factors were used in the screen. 
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TABLE 4-4 
ROCKY FLATS OU-2 

CONCENTRATIONA'OXICITY SCREEN 
SUBSURFACE SOIL 

CARCINOGENS 

Maximum % 
Detected Inhalation Oral Risk Risk of Total 

Chemical Conc. (mgkg) Slope Factor( 1) Slope Factor Factor Index Risk Factor 
Tetrachloroethene 13000 2.0E-03 5.2E-02 6.8E+02 9.3E-01 92.8 
Arsenic 30.8 1.5EMl 1.7E+OO 5.2Ei-01 7.2E-02 7.2 
Methylene chloride 29 1.6E-03 7.5E-03 2.2E-01 3 .OE-04 0.0 
Bis( 2-ethylheq4)phthalate 12 d a  1.4E-02 1.7E-01 2.3E-04 0.0 
1,2-Dichloroethane 0.12 9.1E-02 9.1E-02 l.lE-02 1 SE-05 0.0 
N-nitrosodiphenylamine 0.28 n/a 4.9E-03 1.4E-03 1.9E-06 0.0 
Cadmium 10.5 6.3EMO n/a - 
Total Risk Factor 7.3EW2 

Slope factors are in units of l/(mgkg-day). 
n/a = not available. 

(1) The inhalation exposure route is considered relatively minor is outdoors compared to ingestion. 
Therefore, oral toxicity factors were used in the screen. 
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1 TABLE 4-5 
ROCKY FLATS OU-2 

CONCENTRATION/TOXICITY SCREEN 
SUBSURFACE SOIL 
RADIONUCLIDES 

Maximum YO 
Detected Inhalation Oral Risk Risk of Total 

@ 

E 
s 
1 chemical Conc. @Ci/g) Slope Factor( 1) Slope Factor Factor Index Risk Factor 

Plutonium-23 9,240 180 3.8E-08 2.3E-10 4.1E-08 7.6E-01 76.5 
Americium-24 1 22 3.2E-08 2.4E-10 5.3E-09 9.8E-02 9.8 
Uranium-23 8 113.1 5.2E-08 2.8E-11 3.2E-09 5.9E-02 5.9 
Uranium-23 3,234 191.7 2.6E-08 1.6E-11 3.1E-09 5.7E-02 5.7 
Radium-228 6.32 6.6E- 10 1 .OE- 10 6.3E-10 1.2E-02 1.2 
Radium-226 1.9 3.0E-09 1.2E-10 2.3E-10 4.2E-03 0.4 

11.5 2.5E-08 1.6E-11 1.8E- 10 3.4E-03 0.3 
4.7 1.9E-11 2.8E-11 1.3E-10 2.4E-03 0.2 
1.1 6.2E-11 3.6E-11 4.OE-11 7.3E-04 0.1 

Total Risk Factor 5.4E-08 

Slope factors are in units of l/pCi. 

(1) The inhalation exposure route is considered relativley minor in outdoors compared to ingestion. 
Therefore, oral slope factors were used in the screen. 

Sheet 1 of I 



TABLE 4-6 
ROCKY FLATS PLANT OU-2 

DETECTED ORGANIC COMPOUNDS AND METALS 
ABOVE BACKGROUND WITHOUT TOXICITY FACTORS 

SUBSURFACE SOIL 

Benzo(g, h,i)pexylene 
2-Chloroethyl vinyl ether 

Copper 
Lead 

4 -Methylnaphthalene 
4 -Nitroaniline 
Phenanthrene 

1,1,1 -Trichloroethane 

Sheet 1 of 1 



TABLE 4-7 
ROCKY FLATS PLANT OU-2 
CHEMICALS OF CONCERN 

SUBSURFACE SOIL 

OU-Wide 
Arsenic 

Cadmium 
Tetrachloroethene 
Americium-24 1 

Plutonium-23 9/240 
Radi~rn-228 

Uranium-23 3 -234 
Uranium-238 
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5 .O 
GROUNDWATER CHEMICALS OF CONCERN 

5.1 GROUNDWATER DATA SET 

Monitoring wells installed in the UHSU were used to characterize UHSU groundwater in 
OU-2. Chemicals of concern in groundwater were selected using samples collected from 
second quarter of 1991 through fourth quarter of 1992. Groundwater samples were analyzed 
for metals and radionuclides in filtered and unfiltered samples and for VOCs, SVOCs, 
pesticides/PCBs, and water quality parameters. The sampling and analytical programs for 
wells in OU-2 are summarized in Tables 2-3 and 2-4. Groundwater monitoring well locations 
are shown in Figure 5-1. 

5.2 BACKGROUND COMPARISON AND FREQUENCY OF DETECTION 

Tables 5-1 and 5-2 summarize the maximum detected concentrations, detection frequencies, 
and results of background comparison for analytes detected in groundwater. The background 
comparison and maximum concentrations shown for metals and radionuclides are based on 
unfiltered sample results. 

The statistical background comparisons for inorganics are presented in detail in Appendix A.  

Background data for UHSU groundwater were taken from the Background Geochemical 
Characterization Report (DOE 1993b). Inspection of Table 5-1 and the appendix tables for 
metals in unfiltered groundwater samples reveals that nearly all metals, including typical rock- 
forming elements such as aluminum, calcium, iron, and sodium, were identified as being 
above background levels. Metals as potential chemicals of concern are discussed further in 
Section 5.3. 

Radionuclides are assumed to be detected at 100 percent frequency, and radionuclides above 
background levels are listed in the concentration/toxicity screen in Table 5-5. 

Several chlorinated solvents and other organic contaminants were detected in wells at 
maximum concentrations ranging from 0.3 p g L  (for several compounds) to 150,000 pg/L for 
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trichloroethene. Detection frequencies for volatile organic analytes ranged from 0.2 percent 
to 68 percent. 

5.3 ELIMINATION OF SELECTED METALS AS CONTAMINANTS 
OF CONCERN IN GROUNDWATER 

As shown in Table 5-1 and Appendix A, nearly all metals analyzed for in unfiltered 
groundwater samples were identified as being above background levels, including aluminum, 
calcium, iron, potassium, and sodium, which are common rock-forming minerals and not 
likely to be environmental contaminants in OU-2. All but two metals failed the formal 
statistical background comparison and all had between 2 (molybdenum) and 142 (potassium) 
results above the background UTL,,,,,. 

Because it is unusual, even at hazardous waste sites, to see so many metals above background 
levels in groundwater, an evaluation was conducted to ascertain whether elevated 
concentrations of manganese, antimony, aluminum, beryllium, and vanadium in OU-2 
groundwater samples were due to factors other than environmental contamination. 
Manganese, antimony, aluminum, beryllium, and vanadium were evaluated since the presence 
of these metals at their respective maximum concentrations tend to drive risk. The evaluation 
consisted of (1) examining the spatial and temporal distribution of the metals and (2) 
examining the relationship of results for unfiltered samples to results for filtered samples and 
to total suspended solids. 

The conclusion of the following evaluation was that the elevated concentrations of these 
metals are not related to environmental contamination but rather to local geochemical 
conditions and to suspended solids in the groundwater samples. Therefore, these metals 
should not be considered chemicals of concern in groundwater in OU-2, and they have been 
excluded from the concentration/toxicity screens to select OU-wide chemicals of concern. 
The rationale for this conclusion is presented below. Locations of elevated concentrations 
of these metals for unfiltered samples are shown in Figures 5-2a through 5-2c. 

0 Presence of naturallv occurring zones of high manganese: The results of the 
background comparison suggest that local geochemical conditions in OU-2 are 
different than those at the background sampling locations. The occurrence of 
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elevated manganese and iron suggest the presence of naturally occurring 
mineralization in OU-2 that is absent in the background sampling locations. 
Elevated concentrations of manganese and iron occur in both filtered and 
unfiltered samples. Recent investigations at the Rocky Flats Environmental 
Technology Site indicate wide and irregular distribution of dissolved 
manganese at high concentrations in UHSU groundwater; none of the 
background wells used for the Background Characterization Report were 
located in the recently identified areas of elevated manganese (Siders 1994). 

Therefore, it is probable that the background comparison gives misleading 
results and that the elevated concentrations of manganese and iron in OU-2 
groundwater are due to local geochemical conditions. Further discussion is 
provided in Appendix C, "Evaluation of Manganese and Antimony in UHSU 
Groundwater." 

e Temporal pattern for antimony: The temporal occurrence of concentrations 

above background UTL,,,,, was evaluated for antimony. For example 
concentrations of total antimony exceeded background UTL in 29 OU-2 wells 
at which multiple (3 to 5) sampling rounds were conducted (Figure 5-2b). 
However, in 27 of the wells, the UTL was exceeded in only one sampling 
event, and in the remaining two wells the UTL was exceeded in two sampling 

events. In addition, in 24 of the wells, the single exceedance of background 
UTL occurred in 1991 sampling events and did not occur in any sampling 
event in 1992. The temporal isolation of elevated concentrations of antimony 
is probable related to sampling artifacts, as discussed in Appendix C. 
Therefore, antimony is not considered to be an environmental contaminant in 
UHSU groundwater in OU-2. 

e Strong. correlation of elevated aluminum. beryllium. and vanadium with total 
suspended solids (TSS): The magnitude of metals concentrations, and the 
number of elevated metals in a sample, strongly correlate with high TSS in 
samples. TSS concentrations in many samples was as high as 1,000 to 32,000 
m g L  These samples had high metals concentrations as well. High TSS is 
not a sign of contamination but rather is related to sample turbidity, often 
resulting from well development and sampling procedures. As an example, 

(4040-120l-0075-84l)(R1-5 TM9)(08-8-94 9 3Sam)( l )  5-3 



samples from well 06991, which is located in the 903 Pad Area, contained 
elevated levels of aluminum, beryllium, and vanadium as well as other metals, 
in three consecutive sampling rounds. These same samples had TSS values 
as high as 32,000 mg/L (average = 12,390 mg/L). Field notes indicate all 
samples were cloudy, muddy, or colored. On the other hand, samples from 
well 06891, which is adjacent to well 06991 (Figures 5-2b and S - ~ C ) ,  had TSS 
values ranging from 298 to 380 mg/L in the same three sampling events and 
did not have a single occurrence of aluminum, beryllium, or vanadium 
exceeding background UTL. Analytical results for aluminum, beryllium, 
vanadium, TSS and total dissolved solids (TDS) are shown in Appendix C. 

Absence of elevated aluminum. bervllium. and vanadium in filtered samples: 
While aluminum, beryllium, and vanadium all have several occurrences above 
the background UTL in unfiltered samples, there are no occurrences of any of 
these metals above background UTL in filtered samples, nor did they exceed 
background levels according to the formal statistical comparison (see 
Appendix A). The low concentrations in the filtered fraction indicate that the 
metals are not being mobilized into the aqueous phase, as can occur in the 
presence of waste-related leachate. This is further evidence that the elevated 
totals metals results are related to suspended solids, and are not due to 
environmental con tamination. 

It is concluded that elevated concentrations of manganese, antimony, aluminum, beryllium, 
and vanadium in OU-2 groundwater samples are related to suspended solids in the samples 
and to naturally occurring geochemical characteristics such as high manganese zones. These 
metals are therefore eliminated from further consideration as contaminants of concern in 
groundwater in OU-2. Other metals that were identified as being above background levels 
are probably also due to suspended solids in the samples and local geochemistry. However, 
other metals were not likely to be risk drivers based on maximum concentrations so they were 
not evaluated in detail. 
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5.4 CONCENTRATIONlTOXICITY SCREENS 

Concentration/toxicity screens for organic contaminants and radionuclides are presented in 
Tables 5-3 through 5-5. Organic analytes detected at a frequency of 5 percent or greater, 
nitrate, metals above background not eliminated in Section 5.3, and radionuclides above 
background levels were included in the screens. 

All analytes that contribute at least 1 percent of the total risk factor are retained as OU-wide 
chemicals of concern for quantitative risk assessment. 

The distributions of chemicals of concern in groundwater are shown in Figure 5-3a and b 
(VOCs) and Figure 5-4 (radionuclides). Chemicals of concern in OU-2 groundwater are listed 
below and in Table 5-7. 

OU-Wide Chemicals o f  Concern 
G 1.0 u n d w a te r 

1, l  -Dichloroethene 
Carbon tetrachloride 
Chloroform 
Methylene chloride 
Tetrachloroethene 
Trichloroethene 
Plutonium-23 9/240 
Americium-24 1 

5.5 RISK-BASED EVALUATION OF INFREQUENTLY DETECTED 
COMPOUNDS 

Maximum concentrations of 23 VOCs, SVOCs, and pesticides detected at <5 percent 
frequency were compared to values equivalent to 1000 times chemical-specific PRGs for 

drinking water. The PRGs were calculated assuming residential use of groundwater and are 
used to identify special case chemicals of concern that could pose a health risk if long-term 
exposure were to occur to maximum concentrations in a highly localized area. The screen 

(4040-1201-0075-841)(R1-5 TM9)(08-8-94 9 35sm)( 1) 5-5 
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is discussed in Appendix B and the results for groundwater are presented in Table B-3. An 
additional 23 chemicals detected at low frequency in groundwater did not have PRGs 
available and could not be evaluated. These chemicals are listed in Table 5-4. 

Maximum concentrations of 1,1,2,2-tetrachIoroethane, cis- 1,3-dichIoropropene, and vinyl 
chloride all exceeded the 1000 times PRG values. These three compounds will be retained 
for further evaluation as special case chemicals of concern. They are listed in Table 5-7. 
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TABLE 5-1 
ROCKY FLATS PLANT OU-2 

ORGANIC COMPOUNDS AND METALS DETECTED AT 
5% OR GREATER FREQUENCY 

UHSU GROUNDWATER 

Maximum Detection 
Detected Frequency 

Cone. (m@) % > Background? 
Organic Compounds: 
1 , 1 , 1 -Trichloroethane 1 25 
1,l -Dichloroethane 0.66 13 
1,l -Dichloroethene 0.38 26 
1,2-Dichloroethene 0.17 34 
1,2-Dichloroethene, cis 1.70 45 
1,2-Dichloroethene, trans 0.03 8 
Acetone 0.28 6 
Benzene 0.038 5 
Bis(2ethylhexyl)phtate 0.017 29 
Bromodichloromethane 0.19 6 
Carbon tetrachloride 20 60 
Chloroform 39 55 
Diethyl phthalate 0.3 1 11 
Methylene chloride 35 18 
Naphthalene 0.085 9 
Tetrachloroethene 14 68 
Toluene 
Trichloroethene 

0.11 
150 

10 
61 

Metals and other inorganics (unfiltered samples): 
Aluminum 1460 
Antimony 0.297 

99 
22 

Yes 
Yes 

Arsenic 0.021 60 Yes 
Barium 11.3 94 Yes 
Beryllium 0.114 43 Yes 
Cadmium 0.078 25 Yes 
Chromium 3.36 77 Yes 
Cobalt 0.65 1 61 Yes 
Copper 1.31 66 Yes 
Lead 0.675 93 Yes 
Lithium 0.842 86 Yes 
Manganese 24 99 Yes 
Mercury 0.005 13 Yes 
Molybdenum 0.389 25 Yes 
Nickel 2.01 76 Yes 
Selenium 0.3 32 Yes 
Silver 0.057 12 Yes 
Strontium 4.24 100 Yes 
Thallium 0.006 13 No 
Tin 0.642 15 Yes 
Vanadium 3.14 83 Yes 
Zinc 5.29 96 Yes 
Nitrate 444 92 
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TABLE 5-2 
ROCKY FLATS PLANT OU-2 

ORGANIC COMPOUNDS AND METALS DETECTED AT 
LESS THAN 5% FREQUENCY 

UHSU GROUNDWATER 

Maximum Detection 
Frequency Detected 

Conc. ( m a )  YO > Background? 
Organic Compounds: 
1 , 1 , 1,2-Tetrachloroethane 
1,1,2,2-Tetrachloroethane 

0.003 
0.18 

3 
2 

1,l  ,ZTrichloroethane 0.021 2 
1,l  -Dichloropropene 0.0001 0.4 
1,2,3-Trichlorobenzene 0.0004 2 
1,2,3 -Trichloropropane 0.002 1 
1,2,4-Trichlorobenzene 0.002 1 
1,2,4-Trimethylbenzene 0.0006 1 
1,2 -Dibromo3 chloropropane 0.004 1 
1,2-Dibromoethane 0.013 1 
1 ,2-Dichloroethane 0.006 2 
1,2-Dichloropropane 0.001 0.2 
1,3-Dichloropropene, cis 1.6 1 
1,3-Dichloropropene, trans 0.008 1 
1,3 -Dichlorobenzene 0.002 1 
1,3 -Dichloropropane 0.0003 0.4 
1,3,5-Trimethylbenzene 0.001 1 
1,4-Dichlorobenzene 0.0003 1 
2-Hexanone 0.005 1 
4-Methyl-2-pentanone 0.0 1 1 
Benzoic acid 0.056 3 
Bromobenzene 0.001 1 
Bromochloromethane 0.71 2 
Bromoform 0.006 1 
Bromomethane 0.001 0.3 
Carbon disulfide 0.0005 1 
Chlorobenzene 0.016 1 
Chloroethane 0.002 1 
Chloromethane 0.32 1 
Di-n-butylphthalate 0.003 3 
Dibromochloromethane 0.002 0.2 
Dibromomethane 1.7 0.4 
Dichlorodifluoromethane 0.005 1 
Ethylbenzene 0.015 1 
Heptachlor epoxide 0.00007 3 
Hexachlorobutadiene 0.0006 2 
m p  Xylene 0.0003 2 
m-Xy lene 0.0003 2 
n-Butylbenzene 0.001 1 

0-Xy lene 0.0003 2 
oChlorotoluene 0.0003 0.4 
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TABLE 5-2 (continued) 

ORGANIC COMPOUNDS AND METALS DETECTED AT 
LESS THAN 5% FREQUENCY 

UHSU GROUNDWATER 

ROCKY FLATS PLANT OU-2 

Maximum Detection 
Detected Frequency 

I 
Cone. (mg/L) % > Background 

Organic Compounds: 
p-Chlorotoluene 0.0003 0.3 

0.0001 3 
0.0002 1 

sec-Buty lbenzene 0.23 4 
Styrene 0.014 2 

Trichlorofluoromethane 0.0006 3 
Vinyl chloride 0.86 3 

I tertButylbenzene 0.0004 0.3 

1 Xylenes, total 0.053 1 

Metals (unfiltered samples): 
Cesium 0.06 2 No 
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TABLE 5-3 
ROCKY FLATS OU-2 

CONCENTR4TION/TOXICITY SCREEN 
UHSU GROUNDWATER 

NONCARCINOGENS 
~ 

Maximum YO 
Detected Inhalation Oral Risk Risk of Total 

Chemical Conc. (m@) IUD IUD Factor Index Risk Factor 
Carbon tetrachloride 20 n/a 7.OE-04 2.9E+04 8.OE-01 80.0 
Chloroform 39 n/a 1.OE-02 3.9E+03 1.1E-01 10.9 
Tetrachloroethene 14 n/a 1.OE-02 1.4E+03 3.9E-02 3.9 
Methylene chloride 35 9.OE-01 6.OE-02 5.8E+02 1.6E-02 1.6 
Nitrate' 
cis- 1,2-Dichloroethen 
Barium 
Cadmium 
Nickel 
Molybdenum 
Arsenic 
Selenium 
Lithium 
1,l-Dichloroethene 
Zinc 
1,2-Dichloroethene 
Mercury 
Silver 
Tin 
Bromodichlorometha 
Strontium 
1,l-Dichloroethane 
Cobalt 
Chromium 
Acetone 
Naphthalene 
t r a w l  ,2-Dichloroeth 
Toluene 
Bis(2-ethylhexy1)phth 
Diethyl phthalate 

444 
1.7 

11.3 
0.078 
2.01 

0.389 
0.021 
0.3 
0.8 

0.38 
5.29 
0.15 
0.005 
0.057 
0.642 
0.19 
4.24 
0.66 
0.65 
3.36 
0.28 
0.085 
0.034 
0.11 
0.0 17 
0.31 

n/a 
n/a 

n/a 
n/a 
n/a 
n/a 
n/a 
n/a 
n/a 
n/a 
n/a 

n/a 
n/a 
n/a 
n/a 

n/a 
n/a 
n/a 
n/a 
n/a 

n/a 
n/a 

1.4E-04 

9.OE-05 

1.4E-0 1 

l.lE-01 

1.6E+00 
1 .OE-02 
7 .OE-02 
5.OE-04 
2.OE-02 
5.OE-03 
3.OE-04 
5.OE-03 
2.OE-02 
9,OE-03 
3,OE-0 1 
9.OE-03 
3.OE-04 
5.OE-03 
6.0E-02 
2.OE-02 
6.OE-0 1 
1 .OE-0 1 
1.8E-01 
1 .OE+OO 
1 .OE-01 
4.OE-02 
2.OE-02 
2.OE-01 
2.OE-02 
8.OE-01 

2.8E+02 
1.7E+02 
1.6E+02 
1.6E+02 
1 .OE+02 
7.8E+O1 
7.OE+01 
6.OE+O1 
4.2E+01 
4.2E+01 
1.8E+01 
1.7E+01 
1.7E+01 
1.1E+01 
l.lE+Ol 
9.5E+00 
7.1E+00 
6.6E+00 
3.6E+00 
3.4E+00 
2.8E+00 
2.1 E+OO 
1.7E+00 
1 .OE+OO 
8.5E-0 1 
3.9E-01 

7.8E-03 
4.8E-03 
4.5E-03 
4.4E-03 
2.8E-03 
2.2E-03 
2 .OE-03 
1.7E-03 
1.2E-03 
1.2E-03 
4.9E-04 
4.7E-04 
4.7E-04 
3.2E-04 
3.OE-04 
2.7E-04 

1.8E-04 
2.OE-04 

1 .OE-04 
9.4E-05 
7.8E-05 
5.9E-05 
4.8E-05 
2.8E-05 
2.4E-05 
1. IE-05 

0.8 
0.5 
0.5 
0.4 
0.3 
0.2 
0.2 
0.2 
0.1 
0.1 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

Total k s k  Factor 3.6E+04 

RfDs are in units of mg/kg/day. 
n/a= not available. 

' Maximum concentration of nitrate is a spatially isolated extreme value. 
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TABLE 5-4 
ROCKY FLATS OU-2 

CONCENTRATION/TOXICITY SCREEN 
UHSU GROUNDWATER 

CARCINOGENS 

Maximum YO 
Detected Inhalation Oral Risk Risk of Total 

Conc. (ma) Slope Factor Slope Factor Factor Index Risk Factor Chemical 
Carbon tetrachloride 20 5.2E-02 1.3E-01 2.6Ei-00 3.0E-01 30.1 
Trichloroethene 150 6.0E-03 1.1E-02 1.7Ei-00 1.9E-01 19.1 
Tetrachloroethene 14 2.OE-03 5.2E-02 7.3E-01 8.4E-02 8.4 
Methylene chloride 35 1.6E-03 7.5E-03 2.6E-01 3.0E-02 3.0 
Chloroform 39 8.0E-02 6.1E-03 3.1Ei-00 3.6E-01 36.1 
1 , l  -Dichloroethene 0.38 1.7E-01 6.0E-01 2.3E-01 2.6E-02 2.6 
Arsenic 0.021 1.5Ei-01 1.7Ei-00 3.6E-02 4.1E-03 0.4 
Bromodichloromethane 0.19 n/a 6.2E-02 1.2E-02 1.4E-03 0.1 
Benzene 0.038 2.9E-02 2.9E-02 1.1E-03 1.3E-04 0.0 
Bis(2ethylhexyl)phthalate 0.017 n/a 1.4E-02 2.4E-04 2.8E-05 0.0 
Cadmium 0.078 6.3Ei-00 n/a 

Total Risk Factor 8.6Ei-00 

Slope factors are in units of l/(mg/kg-day). 
n/a = not available. 
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TABLE 5-5 
ROCKY FLATS OU-2 

CONCENTRATION/TOXICITY SCREEN 
UHSU GROUNDWATER 

RADIONUCLIDES 

Maximum YO 
Detected Inhalation Oral Risk Risk of Total 

Chemical Conc. @Ci/L) Slope Factor Slope Factor' Factor Index Risk Factor 
Plutonium-239,240 354.6 3.8E-08 2.3E-10 8.2E-08 8.8E-01 87.7 
Americium-24 1 46.54 3.2E-08 2.4E- 10 1.1E-08 1.2E-0 1 12.0 
Strontium-89,90 6.7 6.2E-11 3.6E-11 2.4E- 10 2.6E-03 0.3 
Cesium- 13 7 1.799 1.9E-11 2.8E-11 5.OE-11 5.4E-04 0.1 

Total Risk Factor 9.3E-08 
~~ ~ 

Slope factors are in units of l/pCi. 

Oral toxicity factors were used in the screen since ingestion is the 1 

chief exposure route for groundwater. 
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TABLE 5-6 
ROCKY FLATS PLANT OU-2 

DETECTED ORGANIC COMPOUNDS AND METALS 
WITHOUT EPA TOXICITY FACTORS 

UHSU GROUNDWATER 

Bromochloromethane 
n-Buty lbenzene 
Chloromethane 
p-Chlorotoluene 

Copper' 
p-Cymene 

1,l-Dichloropropene 
1,3-Dichlorobenzene 

2-Hexanone 
Lead 

1 , 1 , 1 -Trichloroethane 
1,2,3-Trichlorobenzene 
1,2,4-Trirnethylbenzene 
1,3,5-Trimethylbenzene 

' 1.3 mgA copper is the federal action level for tap water. 
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TABLE 5-7 
ROCKY FLATS PLANT OU-2 
CHEMICALS OF CONCERN 

UHSU GROUNDWATER 

OU-Wide Special Case’ 
1,l-Dichloroethene 1,1,2,2-Tetrachloroethane 
Carbon tetrachloride cis-1,3-Dichloropropne 
Chloroform Vinyl chloride 
Methylene chloride 
Tetrachloroethene 
Trichloroethene 
Americium-24 1 
Plutonium-239/240 

I See Appendix B 
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APPENDIX A 
BACKGROUND COMPARISON FOR METALS AND RADIONUCLIDES 
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APPENDIX A 
BACKGROUND COMPARISON FOR METALS AND RADIONUCLIDES 

Concentrations of metals and radionuclides measured in surface soil, subsurface soil, and 
groundwater in OU-2 were compared to background concentrations in order to identify OU-2 
analytes whose concentrations are statistically higher than background levels. These analytes 
are then identified as potential chemicals of concern for further evaluation. The background 
data used for comparison were reported in the Background Geochemical Characterization 
Report (DOE 1993), except for surface soil data, which were not available in the 1993 
report. The background surface soil data were collected in the Rock Creek Area during the 
1991 OU-1 Phase I11 investigation and the 1993 OU-2 Phase I1 investigation. Analytical 
results from each medium were sampled were pooled, and the background comparison was 
performed on an OU-wide basis. 

The procedures applied in the background comparison are shown in the flow chart in Figure 
A-1. Three major steps were involved: (1) data aggregation, (2) statistical background 
comparisons, and (3) statistical professional judgment. Each of these steps is discussed 
below. 

A.l DATA AGGREGATION 

The chemical data were grouped by medium into three categories: (1) surface soil, (2) 
subsurface soil above the water table, and (3) groundwater (UHSU). In general, each 
medium has 29 analytes for metals and 13 analytes for radionuclides, analyzed in unfiltered 
and filtered samples. There are a total of 8 media-analyte groups to be evaluated in the 
background comparisons, as shown in Table A- 1. 

All of OU-2 media-analyte groups were compared directly to the corresponding background 
groups. 

(4040-1201-0075-841)(TM-9.A)(08-05-94 03: 13w)(l) A- 1 
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A.2 STATISTICAL BACKGROUND COMPARISON 

Background comparisons were performed according to the procedures given in the "Guidance 
Document, Statistical Comparisons of Site-to-Background Data in Support of RFWU 
Investigations (EG&G 1994), which was primarily based on the methodology proposed by 
Gilbert (Gilbert 1993). The formal statistical tests were the Gehan test, Slippage test, 
Quantile test, and t-test. Analytical results were also compared to the upper tolerance limit 
(UTb,w) of background to identify high concentrations out of background range. The 
conditions for applying each of the tests are briefly discussed below. 

A.2.1 Formal Statistical Tests 

Four formal statistical test were performed to test the difference between the background and 
site populations. If any of the four statistical test was significant, the analyte was considered 
to be a potential chemical of concern. Significance was defined as a p-value less than or 
equal to 0.05, the Type I (false positive) error rate. Non-detects of metals were treated as 
described below for each test. All the radionuclide results were treated as detects. 

Gehan Test 

The Gehan test (Gehan 1965, explained in Gilbert 1993) is non-parametric ranking test. It 
was performed for all the media-analyte groups. For non-detects, the reporting limits were 
used for ranking purposes. 

SlippaFe Test 

The slippage test (Rosenbaum 1954), a non-parametric test, was performed by comparing the 
OU-2 measurements to the maximum background measurement (detect or non-detect). The 
p-value for the probability of the number of site measurements greater than the maximum 
background measurement was calculated. Reporting limits were used for non-detects. 

(4040-1201-0075-841)(TM-9.A)(O8-05-94 03: 13w)(l) A-2 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 

Ouantile Test 

The Quantile test (Gilbert and Simpson 1992), a non-parametric test, was performed by first 
ranking the combined background and OU-2 measurements from largest to smallest. If there 
were no non-detects among the top 20% of the combined background and OU-2 
measurements, the probability of the number of site measurements within the top 20% of the 
data set was calculated. If there were any non-detects among the top 20% of the 
measurements, no Quantile test was performed. 

t-Test 

The t-test, a parametric statistical test, was performed if these conditions were met: (1) the 
non-detects in each of the data sets is less than 20% of the measurements; and (2) EITHER 
each the data sets contains at least 20 points, both of the data sets are normally 
distributed. 

For simplicity, the t-test was only performed when condition (1) and the first option of 
condition (2) were met. Non-detect results for metals were replaced by one-half the reporting 
limits. 

The homogeneity of the variance was tested following Levene's test (EPA 1992). If the 
variances from both data sets were the same, the standard t-test was performed. If the 
variances were not the same, the unequal variance t-test (Helsel and Hirsch 1992) was 
performed. 

A.2.2 Upper Tolerance Limit (UTL,,,) Comparison 

For each media-analyte in the background data, an upper tolerance limit with 99 % confidence 
and 99% coverage (UTL,,,) was calculated, assuming the background data were normally 
distributed (EG&G 1994). In calculating the UTL, if non-detects were less than 80% of the 
data, one-half the reporting limit was used as the result for non-detect samples. Otherwise, 
the maximum background measurement, instead of the U T b , , ,  was used in the 
comparisons. For the radionuclides, all results were treated as detects (EG&G 1994). 
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Each of the OU-2 measurements was compared to the UTL,,,. If one or more OU-2 
measurements exceed the background UTb,,, the analyte was considered as a potential 
chemical of concern for further evaluation, even if the analyte did not exceed background 
levels according to the formal statistical evaluation. 

A.3 BACKGROUND COMPARISON RESULTS 

The number of inorganic potential chemicals of concern in each media-analyte group resulting 
from the background comparisons is summarized in Table A-1 . The summary tables for the 
background comparisons for each media-analyte group are presented in the remaining tables 
in Appendix A. 

A.4 STATISTICAL PROFESSIONAL JUDGMENT 

Statistical professional judgment was applied for those media-analytes that were below 
background according to the formal statistical tests but failed to pass the UTb,, 
comparisons. The professional judgment consisted of performing a log-normal UTL,, 
comparison if the background data were log-normally distributed. 

According to the background comparison methodology (EG&G 1994), the UTL,, was 
calculated assuming a normal distribution of background data. However, log-normal 
distribution may better describe some geochemical data, as indicated in the Statistical 
Analysis of Ground-Water Monitoring Data at RCRA Facilities (EPA 1992). Log-normal 
based UTLh,, were calculated for media-analytes that passed the formal statistical tests but 
failed to pass the normal-based UTL,,, comparison. If a media-analyte passed the log- 
normal-based UTb,,  comparison, probability plots were generated for both normal and log- 
normal distributions. If the probability plots indicated that the data better fit a log-normal 
distribution, the media-analyte was eliminated from the potential chemical of concern list. 

A positive constant was added to the radionuclide results (including negative and zero values) 
to make all the results positive prior to log transformations. The constant was selected to 
improve the goodness of fit of the appropriate distribution. After the log-normal UTL,, 
was calculated based on this shifted distribution, the constant was subtracted from the 
calculated UT&,,, to get the "true" log-normal UTL,, value. 
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The results of the log-normal based U T L , ,  comparisons are presented in the remark column 
in the summary tables. Based on the results of the log-normal UTL,,, comparison, the 
following eight analytes were eliminated as potential chemicals of concern: 

Medium Analyte 

Surface Soil Lithium 

Magnesium 

Strontium 

Tin 

Zinc 

Subsurface Soil 

A.5 REFERENCES 

Beryllium 

Magnesium 

Strontium 

EG&G Rocky Flats Plant (EG&G) 1994. Guidance Document, Statistical Comparison of 
Site-Background Data in Support of RFI/RI Investigations. January 1994. 

Gilbert, R.O. 1993. Letter report recommending process for comparing Rocky Flats Plant 
site analytical results to background concentrations. Richard Gilbert, Batelle Pacific 
Northwest Laboratories, to Beverly Ramsey. Systematic Management Services, Inc. 
July 30. 

Gilbert, R.O., and J.C. Simpson. 1992. Statistical Methods for Evaluating the Attainment 
of Cleanup Standards. December, 1992. 

Helsel, D.R., and R.M. Hirsch. 1992. Statistical Methods in Water Resources 

Rosenbaum, S. 1954. Tables for a Non-Parametric Test of Location, The Annals of 
Mathematical Statistics. Volume 25. 
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U. S. Department of Energy (DOE). 1993. Background Geochemical Characterization 
Report. Rocky Flats Plant. Golden, Colorado. September 1993. 

U. S. Environmental Protection Agency (EPA). 1992. Statistical Analysis of Ground-Water 
Monitoring Data at RCRA Facilities, Addendum to Interim Final Guidance. June, 
1992. 
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APPENDIX B 
RISK-BASED EVALUATION OF INFREQUENTLY DETECTED CHEMICALS 

B.l PURPOSE AND APPROACH 

The chemicals of concern evaluated in a quantitative human health risk assessment are the 
subset of all site-related chemicals that are thought to pose the greatest potential risk to 
human health. The determination that these chemicals may pose the greatest risk is generally 
based on an evaluation of the following three criteria: 

The inherent toxicity of the chemical 

The concentrations of the chemical found on-site and 

The potential for human exposure to the chemical (e.g., whether or not the 
chemical is widely distributed across the site or could readily migrate from the 
site) 

In general, compounds found at low frequency (<5% of all samples for a particular media) 

are not included as chemicals of concern because the potential for human exposure is limited. 
However, all infrequently detected compounds were evaluated according to the procedures 
shown in Figure 2- 1 so as not to neglect infrequently detected Chemicals that could contribute 
significantly to risk if they were co-located with other potentially hazardous compounds at 
source areas or locations where routine exposure could occur. 

This evaluation examines those metals (detected above background) and organic chemicals 
that were initially excluded from the chemicals of concern based on low frequency of 
detection, using a health-based screening approach. A screening evaluation was performed 
using preliminary remediation goals (PRGs) calculated in guidance provided by DOE (1994). 

The screening evaluation was performed for all low-frequency chemicals for which PRGs 
were available. As a benchmark, it was assumed that any infrequently detected chemical 
whose maximum concentration was greater than 1000 times the PRG warrants further 
evaluation. The purpose is to identify those infrequently detected chemicals that may pose 
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an unacceptable health risk (cancer or non-cancer) if chronic exposure were to occur. These 
chemicals are retained for separated evaluation in the risk assessment. Since they are not 
characteristic of contamination in OU-2, risk will be assessed separately at the locations 
where the special case chemicals are found. The media-specific PRG screens are shown in 
Table B-1 through B-3. 

PRGs were calculated assuming a residential exposure scenario, using standard toxicity values 
(RfDs and SFs) established by EPA, and using the exposure assumptions outlined below 
(DOE 1994). For surface soils and subsurface soils, multiple pathway exposure was assumed 
(ingestion and inhalation of particulates) in calculating PRGs. The PRGs for residential soil 
(surface soil) are used to evaluate both surface and subsurface soil. To calculate PRGs for 
carcinogens, the target excess lifetime cancer risk is assumed to be (1 in l,OOO,OOO), the 
exposure frequency is 350 daydyear, exposure duration is 30 years, averaging time is 70 
years, the daily inhalation rate is 20 m3/day, the particulate emission factor (for non-volatile 
organics and inorganics) is 4.63 x lo9 m3kg, and the age-adjusted soil ingestion factor is 114 
mg-yrkg-day. All exposure parameters are EPA standard default exposures for adult 
residents, except for soil ingestion, which is a time-weighted average for child and adult 
exposures. For PRGs for noncarcinogens, all of the exposure parameters are the same except 
the averaging time is 30 years and the target hazard index of 1 replaces the target excess 
lifetime cancer risk. 

The PRGs for groundwater also assume a residential scenario, including ingestion and 
inhalation of volatile organic chemicals released during domestic use. To calculate PRGs for 
carcinogens, the target excess lifetime cancer risk is (1  in l,OOO,OOO), body weight is 

70 kg, averaging time is 70 years, exposure frequency is 350 days/yr, exposure duration of 
is 30 years, daily indoor inhalation rate is 15 m3/day, the volatilization factor (for volatile 
organic chemicals only) 0.5 L/m3, and the daily ingestion rate is 2 L/day. All exposure 
parameters are EPA standard default exposures for adult residents. For PRGs for 
noncarcinogenic effects, all of the exposure parameters are the same except the averaging 
time is 30 years and, instead of a target excess lifetime cancer risk, the target hazard index 
is 1 .  
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B.2 SURFACE SOIL 

One pesticide (4,4'-DDT) and one SVOC (di-n-butylphthalate) were detected at low frequency 
(<5% detection) in surface soil samples. Chromium was detected at a frequency greater than 
5%. However, because only two samples had results greater than the background UTL,,,,,, 
chromium is included in the PRG screen as discussed in Section 3.2. Table B-1 presents a 
comparison of the maximum detected concentrations to the health-based screening criteria 
(both cancer and non-cancer). Chemicals whose maximum detected concentration were 
greater than 1000 times either the cancer or non-cancer PRGS will be retained for further 
evaluation as special case chemicals of concern. Table B-1 shows that none of the chemicals 
had concentrations above 1000 times the PRG, and therefore they do not require further 
evaluation in the risk assessment. 

B.3 SUBSURFACE SOIL 

Forty VOCs, SVOCs and pesticidesPCBs were reported at less than 5 percent frequency in 
subsurface soils. As described in Section 4.2, the six metals included in the PRG screen were 
detected at frequency greater than 5 percent and were within background range according to 
the formal statistical tests described in Appendix A.  However, all had one or two detections 
greater than the background UTL99/99. Only one sample of cobalt had a result above 
background, but since there is no PRG for this metal, it could not be included in the PRG 
screen. Table B-4 shows the eight chemicals found in subsurface soil for which there are no 
PRGs. As shown in Table B-2, none of the chemicals with available PRGs exceeded the 
screening criteria, therefore they will not require further evaluation in the risk assessment. 

B.4 UHSU GROUNDWATER 

Table B-3 lists 23 VOCs, SVOCs, and pesticides detected at less than 5 percent frequency 
in UHSU groundwater. An additional 23 VOCs and SVOCs detected at low frequency do 
not have PRGs available and are listed on Table B-4. 1,1,1,2-Tetrachloroethane, cis-l,3- 
dichloropropene, and vinyl chloride were all detected at levels exceeding 1000 times the PRG 
and will need to be evaluated as special-case chemicals of concern in the risk assessment. 
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B.5 REFERENCES 

Department of Energy (DOE). 1994. Programmatic Preliminary Remediation Goals. Draft 
Final. Rocky Flats Plant. Golden, Colorado. June 1994. 
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TABLE B-1 
ROCKY FLATS PLANT OU-2 

INFREQUENTLY DETECTED COMPOUNDS 
COMPARISON TO PRGs 

SURFACE SOIL 

&mum 
Detected Residential Max. Conc > Max. Conc. > 

Chemical Conc. (mgkg) Soil PRG (mgkg) PRG 1000 x PRG 
Organic Compounds: 
4,4'-DDT 0.026 1.88Ei-00 NO NO 
Di-n-butylphthalate 1.0 2.74EW4 NO NO 

Metals: 
chromium 29.5 2.74EW5 NO NO 

PRG = Preliminary Remediation Goal (DOE 1994). 
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TABLE B-2 
ROCKY FLATS PLANT OU-2 

INFREQUENTLY DETECTED COMPOUNDS 
COMPARISON TO PRGs 

SUBSURFACE SOIL 

Maximum 
Detected Residential Max. Conc > Max. Conc. > 

Chemical Conc. (mgkg) Soil PRG ( m a g )  PRG? 1000 x PRG? 
Organoc Compounds: 
1,1,2,2-Tetrachloroethane 
1,2-Dichloroethene 
1,3-Dichloropropene, cis 
1,4-Dichlorobenzene 
2-methyl phenol 

4-Methyl-2-pentanone 
4-Methylphenol 
Acenaphthene 
Anthracene 
Aroclor- 1254 
Benzene 
Benzo(a)anthracene 
Benzo(a)pyrene 
Benzo(b)fluoranthene 
Benzoic acid 
Butyl benzylphthalate 
Carbon disulfide 
Carbon tetrachloride 
Chloroform 
Chrysene 
Di-n-octylphthalate 
Ethylbenzene 
Fluoranthene 
Fluorene 
Hexachloroethane 
Indeno( 1,2,3-cd)pyrene 
Naphthalene 
Pentachlorophenol 
Pyrene 
Styrene 
Trichloroethene 
Total xylenes 

4,4'-DDT 

Metals: 
chromium 
Manganese 
Mercury 
Silver 
Zinc 

0.005 
0.09 

0.006 
0.043 
0.45 
0.14 
0.01 1 

2.9 
0.28 
0.26 
8.9 

0.012 
0.53 
0.48 
0.82 
0.4 

0.52 
0.14 
140 
8.8 

0.42 
0.26 
0.026 

1 
0.19 
1.1 

0.33 
2 

0.095 
1.3 

0.017 
120 
0.23 

127 
3160 
114 
96.5 

3.20EM0 
2.47E4-03 
3.56EM0 
2.67EM1 
1.37EM4 
1.88Ei-00 
1.37EM4 
1.37Ei-03 
1.65EM4 
8.23EM4 
8.32E-02 
2.21EMl 
8.77E-01 
8.77E-02 
8.77E-01 
1.10EM6 
5.49EM4 
2.74Ei-04 
4.93Ei-00 
1.05EM2 
8.77EM1 
5.49EM3 
2.74EM4 
l.lOEM4 
1.10EM4 
4.57EM 1 
8.77E-01 
l.lOEi-04 
5.34Ei-00 
8.23EM3 
5.49EM4 
5.82Ei-0 1 
5.49Ei-05 

2.74Ei-05 
1.37EM3 
8.23EM1 
1.37Ei-03 

NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
YES 
NO 
NO 

YES 
NO 
NO 
NO 
NO 
YES 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
YES 
NO 

NO 
YES 
YES 
NO 

NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 

NO 
NO 
NO 
NO 



TABLE B-3 
ROCKY FLATS PLANT OU-2 

INFREQUENTLY DETECTED COMPOUNDS 
COMPARISON TO PRGs 
UHSU GROUNDWATER 

Maximum Residential 
Detected Groundwater Max. Conc > Max. Conc. > 

1000 x PRG? Chemical Cone (mg/l) PRG (mgh) PRG? 
1,1,2,2-Tetrachloroethane 0.18 8.95E-05 YES YES 
1,1,2-Trichloroethane 0.021 3.18E-04 
1,2,4-Trichlorobenzene 0.002 2.34E-02 
1,2-Dichloroethane 0.006 1.97E-04 
1,2-Dichloropropane 0.001 1.25E-03 
1,3-Dichloropropene, cis 1.6 1.27E-04 
1,3-Dichloropropene, trans 0.008 1.27E-04 
1,4-Dichlorobenzene 0.0003 3.54E-03 
4-Methyl-2-pentanone 0.01 1.98E-01 
Benzoic acid 0.056 1.46Ei-02 
Bromoform 0.006 3.8 1E-03 
Bromomethane 0.001 1.09E-02 
Carbon disulfide 0.0005 2.76E-02 
Chlorobenzene 0.016 5.16E-02 
Chloroethane 0.002 2.78Ei-0 1 
Chloromethane 0.32 2.32E-03 
Di-n-butylphthalate 0.003 3.65E+00 
Dibromochloromethane 0.002 1.01E-03 
Ethylbenzene 0.015 1.58Ei-00 
Heptachlor epoxide 0.00007 9.34E-06 
Styrene 0.014 2.01Ei-00 
Total xylenes 0.053 7.30Ei-01 
Vinyl chloride 0.86 2.81E-05 

PRG = Preliminary Remediation Goal (DOE 1994). 

YES 
NO 
YES 
NO 
YES 
YES 
NO 
NO 
NO 
YES 
NO 
NO 
NO 
NO 

YES 
NO 
YES 
NO 
YES 
NO 
NO 
YES 

NO 
NO 
NO 
NO 
YES 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
YES 
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Groundwater 
1,1,1,2-Tetrachloroethane 
1,2,3-Trichlorobenzene 
1,2,3 -Trichloropropane 
1,2,4-Trimethylbenzene 

1,2-Dibrorno-3 shloropropane 
1,2-Dibromoethane 

1,l -Dichloropropene 
1,3 -Dichlorobenzene 
1,3-Dichloropropane 

1,3,5 -Trimethylbenzene 
2-Hexanone 

Bromobenzene 
Bromochloromethane 

Dibromomethane 
Dichlorodifluoromethane 

Hexachlorobutadiene 
nButy lbenzene 
o-Chlorotoluene 
p-Chlorotoluene 

p-Cymene 
sec-Buty lbenzene 
tert-Butylbenzene 

Trichlorofluoromethane 

TABLE B-4 
ROCKY FLATS PLANT OU-2 

INFREQUENTLY DETECTED COMPOUNDS 
WITHOUT PRGs 

Subsurface Soil 
Benzo(ghi)perylene 

Chloroethane 
2-Chloroethyl vinyl ether 

Cobalt 
Hexachlarobutadiene 
2-Methylnaphthalene 

4-Nitroaniline 
Phenanthrene 

PRG = Preliminary Remedlation Goal (DOE 1994). 
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APPENDIX C 
EVALUATION OF MANGANESE AND 

ANTIMONY IN UHSU GROUNDWATER 

This appendix describes professional judgements used in interpreting the results of the 
statistical background comparisons for manganese and antimony in UHSU groundwater. Both 
of these metals exceeded statistical background limits for UHSU groundwater based on the 
statistical tests described in Appendix A. However, further assessment of these metals 
indicates that they are not related to contamination in OU-2. The rationale for this conclusion 
is provided below. 

C.l MANGANESE 

Based on the statistical tests described in Appendix A, manganese concentrations in both 
filtered and unfiltered OU-2 UHSU groundwater samples are significantly higher than 
background groundwater concentrations. The elevated manganese concentrations in OU-2 
groundwater sample may be attributable to one or more of the following mechanisms: 

0 Direct release of manganese to the subsurface environment from historic RFP 
operations. 

0 Enhanced dissolution of naturally occurring manganese from geologic 

materials in volatile organic carbon (VOC) contaminant plume areas related 
to historic RFP operations (indirect release). 

0 Spatial variability in concentrations of naturally occurring manganese. 

Evaluations involving professional judgement were performed to assess the occurrence and 
distribution of elevated manganese concentrations in UHSU groundwater relative to these 
potential mechanisms. These evaluations included assessment of historical releases in OU-2, 
the spatial distribution of elevated manganese concentrations in UHSU groundwater, and 
geochemical analysis of manganese relative to naturally occurring conditions in the foothills 
regions in Colorado. 
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C.l. l  Historical Releases of Manganese at RFP 

Based on information in the Historical Release Report (DOE 1992), there are no records or 
reports of manganese use in any RFP processes, or of its disposal or storage at OU-2. 
Therefore, the presence of manganese as a waste constituent is unlikely. 

C.1.2 Spatial Distribution of Elevated Manganese Concentrations in UHSU 
Groundwater 

The spatial distribution of manganese in UHSU groundwater was assessed to determine if 
there were any apparent trends that could be attributable either to direct release of manganese 
to the subsurface environment or to enhanced dissolution of naturally occurring manganese 
in VOC plume areas. Figures C-1 and 5-2a show the elevated manganese concentrations in 
filtered and unfiltered samples, respectively, in UHSU groundwater in OU-2. 

If the elevated manganese concentrations were the result of direct release of manganese from 
source areas (e.g., burial trenches), it is expected that manganese concentrations would 
exhibit a decreasing trend at increasing distance from apparent source areas. Based on the 
data presented on Figures C-1 and 5-2a, no such trends or source areas are apparent. 
Elevated concentrations occur over a wide area, with no apparent concentration gradients. 

They are present both near and distant from known contaminant source areas, even occurring 
near Indiana Avenue (wells 41591 and 41691). This distribution suggests that, in general, 
the elevated concentrations are not related to direct releases of manganese to the UHSU 
groundwater. 

Elevated VOC concentrations in groundwater may result in reduced redox conditions, which 
can result in dissolution of naturally occurring manganese from geologic materials, thus 
elevating manganese concentrations in groundwater. Under such conditions, the elevated 
manganese concentration locations would correlate with VOC plumes. Figures C-2 through 
C-6 are scatter plots depicting manganese concentrations in filtered samples versus 
concentrations of PCE, TCE, carbon tetrachloride, chloroform, and 1,l -DCE. Review of the 
analytical results from each well (data not shown) and the scatter plots indicates that there 
is no correlation between manganese and VOC concentrations in samples from the wells 
completed within VOC plumes, nor in samples from wells completed outside the plume. 
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(Well identifications are not shown on the scatter plots because they cannot be readily 
displayed.) Also, the highest concentrations of manganese occur in three wells, 3586, 6691, 
and 13091, two of which (3586 and 13091) are completed in areas where no detectable 
concentrations of VOCs occur. Therefore, it appears that the elevated manganese 
concentrations are not attributable to enhanced dissolution of manganese in the presence of 
elevated VOCs. 

Recent site-wide studies by EG&G (1 994) of unfiltered UHSU groundwater samples indicate 
that elevated concentrations as high as 1,000 pg/L occur over a wide area of the plant site, 
both upgradient and downgradient of industrial areas and contaminant sources. These studies 
also concluded that none of the background wells used to establish the background 
concentrations in the 1993 Background Characterization Report (DOE 1993) are located in 
the areas of high manganese concentrations recently identified in background areas of the site. 
Therefore, the OU-2 manganese concentrations that exceed background limits based on the 
data in the 1993 report may be representative of background concentrations if new 
background data from high manganese areas are considered. 

C.1.3 Geochemical Analysis 

Naturally occurring manganese concentrations are relatively high in the foothill regions of the 
Colorado Rocky Mountains, and the distribution of manganese is highly variable depending 
on redox conditions. As discussed by Hem (1989), both manganese and iron precipitate due 
to redox processes in a weathered environment, such as in the UHSU at Rocky Flats. In 
general, manganese is co-precipitated with iron and, under some conditions, cobalt, lead, zinc, 
copper, nickel, and barium. Figure C-7, which shows iron versus manganese concentrations 
for OU-2 unfiltered UHSU groundwater samples, indicates a high correlation between 
manganese and iron concentrations. This indicates that the occurrence of high concentrations 
of manganese in unfiltered OU-2 samples is associated with high levels of iron, as occurs 
under natural conditions. This process may also explain the elevated concentrations in OU-2 
of the other metal ions mentioned by Hem: cobalt, lead, nickel, zinc, copper, and barium. 
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(2.2 ANTIMONY 

Some of the formal statistical background comparison tests (Slippage and Gehan tests), as 

well as the UTL comparison, suggest that antimony concentrations in unfiltered OU-2 UHSU 
groundwater samples are significantly higher than background concentrations (see 
Appendix A). In filtered samples, antimony was within background levels according to the 
formal statistical tests, but 10 results exceeded the background UTL99/99 of 5 1.2 pg/L. 

However, the results of the statistical tests and UTL comparison are suspect because the 
results for antimony are highly dependent on the replacement values specified for non-detects 
(Le., half the reporting limit). The detection frequencies in both background and OU-2 
samples are low. In background samples, the detection frequencies were 38 percent 
(unfiltered) and 48 percent (filtered). In OU-2 samples, detection frequencies were even 
lower: 22 percent (unfiltered) and 16 percent (filtered). As a result, a large number of 
replacement values for non-detects occur in the data sets used in the background comparison, 
especially in the OU-2 data set (see histograms in Figures C-8 and C-9). Because of the high 
number of non-detects, the background UTL may not be representative of background 
concentrations, and statistical tests, such as the Gehan test, that rely on ranking of data, do 
not provide a reliable basis for testing differences in antimony concentrations detected in 
background samples and in OU-2 samples. In other words, the results of the statistical tests 
and UTL comparison shown in Appendix A for antimony in UHSU groundwater do not 
support strong conclusions about differences from background. 

The temporal distribution of elevated antimony results was also assessed. The concentrations 
in filtered samples from ten wells where concentrations exceeded the background UTL (5 1.2 
pg/L) were plotted as a time series from first quarter 199 I to fourth quarter 1992 (Figure C- 
10). For all the wells, the measured concentrations exceeded the background UTL only once 
during the sampling period. For seven of the wells, this occurred during the fourth quarter 
1991 sampling event. For the other well (0286), this occurred during the second quarter 1991 
sampling event. 

For unfiltered sample results, data from the ten wells with the highest concentrations above 
background UTL (55.8 pg/L) were plotted (Figure C-11). As for the filtered results, the 
concentrations measured in unfiltered samples from each well exceeded the background UTL 

(4040-1201 -0075-84 I)(M-9.C)(8/8/94 9:09 am)(l) c-4 



only once during the sampling period. As with most of the filtered results, this occurred 
during the fourth quarter 1991 sampling event. Therefore, the elevated antimony results in 
filtered and unfiltered samples are temporally isolated and not characteristic of USHU 
groundwater over time. 

Isolated temporal patterns in groundwater quality samples analyzed for metals may be related 
to sampling procedures (Plus and Powell 1992). This is because turbidity resulting from 
bailing or excessive pumping can substantially increase the concentration of some metals, 
such as antimony and arsenic. The isolated occurrence of the elevated results, followed by 
subsequent sampling rounds in which concentrations are much lower, is not expected in a 
groundwater system and is indicative of a sampling artifact. Given that nearly all the high 
antimony results were observed during the same single sampling event, it is likely that the 
single high detections were related to sampling procedures used during the fourth quarter 
1991 event, and are not representative of natural groundwater concentrations. 
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OU-2 UHSU Groundwater Filtered MANGANESE vs. CARBON TETRACHLORIDE 
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03091 GW03409IT 811 9/92 ALUMINUM 17100.00 17.00 JA UHSU 
03091 GW03914IT 10/22/92 ALUMINUM 18500 00 18.70 JA UHSIJ 
03191 GW02156IT 12/19/91 ALUMINUM 479.00 200.00 V IIHSU 
07191 GW02882IT 5/12/92 ALUMINUM 7950.00 200.00 V UHSU 
03391 GW020921T 12/5/9 1 ALUMINUM 40800.00 20000 N* JA 1 IJHSII 

______ 

01391 GW02547IT 311 3/92 ALIJMINI IM 3520 00 20000 * JA I I J H S I I  
01'30 1 i(iW07006IT 6/2/92 ALI JMINT I M  6 I oon 00 200.001 N JA j IJHSl I 

7/9/92 ALI MINI 'M 27000 OO! 200 00 1 h - IA ' I IHSIJ ( ! ? q r l I  (~W(i7I271T ' 

I ! :  :'I I ,hOixUhl l  , lO/lf1/~J2 ALIIWI\llM ??hOO 001 18 7 0 1  -ti;-- 'IJHSI 
l 1 : ~ ' I l  (>WOLI~.II f l?/IO/9i ~ALl lMIIv l  'vl - 26600 00 2 0 0  00 lv lI!HSI! 
1)15')1 (iWO?,YX?lT h/4/92 ALI hllYl1M I2 1 no 00 I 200 00 I iV 'IlHSI' 

_-- - .__ 

+ __ _i---- ---- -__-  ____. 

c - 4  d-- . 
__ ~ ,---_ ~- 

015'lI !(~W0?'3X7lT 1 X/I 3/92 
03601 GW030481T ' 6/8/92 
03691 GW03124IT 7/8/92 
03691 GW03897IT 10/21/92 
03791 GW02093IT 1 12/6D 1 
01791 GW025571T 1 3/19/92 

a+- 
ALI IMINI 'M , 17800 0Oi 17 00,  V I JHSI' 
ALUMINl IM 55300 00 20000 N JA UHSU 
ALUMINlJM 26000.00 200.00 N JA UHSU 
ALUMINUM 190000.00 18 70 JA UHSU 
ALUMINUM 801 00 00 20000 * JA 1 MS IT 
ALUMINUM 1 15000.00 I 200 00 IV I IJHSU 

~ 

6570.00 I IHSl J 
Sn 1/92 j ALI JMINI lM 1 23900.00 200.00 I * /JA IIHSI! 

03701 GW030071T 6/10/92 ALUMINUM 
03701 GW03125IT 7/10/92 ALIJMINUM __ ___________ 
03791 (iW03898lT i n i im2  AI IIMINIIM 

05301 l(.;W02XX41T 1 6/11/92~ALlIMlNI!M 1 13500.001 20.201 / UHSI i 
0.53'91 IGW03388IT 1 9/10/92IALUh4iNlJM i 9340.00) 17.001 lv I LJHSU 

..___ 

I 

15200.00 29.20 V I m u  
7500.00 200.00 N JA IMSU 
95nn on 1 x - m  IA I JHSI J 

05391 IGW03917IT 1 10/28/92 1 ALUMINUM I 2260.001 200.001* (JA I IJHSU I 

Sheet 2 of 6 



I~lcatlrln field1d date-a,unpled 1 k d y t e  /RESULT (pg / l )  REPLIM  quai-^> 1 quai-wc location-z 
0569 1 (;W0206 IIT 12/4/0 1 1 ALI rVINI IM 1 52x00 00 20000 N* IJA IIHSIJ 
( 15 f+) I ( ; W O2W)l T 311 2/92 I ALI JMINl IM 1 40800 00 200 00 * ~ J A  IJHSIJ 
05hOl ~- - (iWO28851T 512Xl92 I AL.1 JMINT JM 

~ 11.50000, 200 00 j , v  TJHSIJ 
- 05hOl ._ ICWO1789IT 8/21/92 I ALI MINT lhq 

~ 1 18000 00 j 17 00' , JA IJHSIJ 
0 5 6 i ~ 1  (;W03918IT 1 1/9/92 ALI IMINl JM ' 40 1000 00 200 00 1 V UHSI I 
06001 (iW02062IT 12/4/91 ALI JMINT JM 51700 00 200 001 N* JA UHSU 
06091 GW025761T 3/12/92 ALUMINUM 36500.00 200.00 j * JA UHSU 

~- - 

I 

Sheet 3 of 6 140411-1 2111 -(XVS-Wl)(TRL~I .XLS)(8/4W 507 PM) 



TABLE D-1 
UNFILTERED ALUMINUM IN UHSU GROUNDWATER 

location 
11491 
11691 
11691 
11791 

1 
I fieldid date-sampled Analyte RESULT @g/i) REP-LIM I ~ I - M  j p i - w c  ~ lolation-z 

GW02886IT s r w 9 2  ALUMINUM 8660 00 200 00 I / V  Il!HSl' 
GW03011IT 6/8/92 ALUMINUM 5380 00 200 00 1 ] v  1JHSll 
GW03127IT 7/10/92 ALUMINUM 7990 00 200 00 1 N /JA IJHSU 
GW02432IT 2/6D2 ALI JMINIJM 32100 00 20000l* /JA IJHSU 

- 11701 -__ (;W02917IT 5/20/92 
11701 - l(lW01465IT I 9/8/02 

12191 /GW03910IT 

ALI~MINI'M 19400 00 200 00 ~ N 1 JA I JHSI J 
ALIJMINl!M I 11 100 00 17 00 i ! V  , I JHSI 1 

200 Of) I JHSl 1 

200 00' I UHSlJ 
17.00 UHSU 
93.50 IJA UHSU 

200 no 

117')l ( I W I I ~ X ~ O I T  1 l/1 1/92 ALIiMINllM 1 4260 00 200 00 ' V  i 1 JHSU 

1229 1 
12291 
12391 
12391 
12391 
-~ 

12691 lGW03423IT 1 9/10/92 1 ALUMINUM ! 1070.00 1 17.OO! IV 11 JHSIJ I 

GW02607IT 3/17/92 ALUMINUM 19700% 200.00 * JA j IJHSlJ 
GW02859IT 5/29/92 ALUMINUM 2770.00' 200 00 V IUHSU 
GW02438IT 2/12/92 ALUMINUM 73400.00 200.00 V 1 JHSI J 
GW02887IT 5/14/92 ALIJMINIJM 19000 00 200.00 V I JHSU 
(;W03421IT 9/15/92 ALI !MINI JM 16000.00 18 70 JA I!HSl! 

l 2 l ' J l  '(;W01919IT ' 12/3/92 ALI JMINITM 8760 00 200 ou 
12401 (iW02415IT 2/7/92 ALI JMINI JM 150000 00 200 00 - 4---p-I 

I?lu)l lK;W03433IT I 9/2/92 1 ALI!MINl JM 1 I no Iv 1 IIHSIJ I 

V ' I  J H S ~  i 

, v  1!HSlI 

! , , 1 

13191 IGWMI(55IT 1 11/17/921ALUMINUM I 6280.001 200.00 i iv 1 UHSU I 

1240 1 ( , W O ? X X X I  f 5/14/92 i ALI JMINI JM 32000 00 
1240 1 (iWO7422IT ~ 9/14/92 i ALI 'MINI JM 44000 00 

.~ 

._.  . - -_-_-__ 
13391 ]GW030161T 1 6/8/92 / ALUMINUM 1 26500.001 200.00 j 1 UHSlJ 

200 00 / V  ,IJHSII 
17 on IV IlJHSIl 

13391 IGW03354IT 1 8/20/92/AI.IJMINI!M 7 '34600 r 

12491 1(;W07922IT j 1 OD2192 
12601 /(;W02437IT 1 2/13/92 
12691 lGW02889IT I 5/29/92 

0/20/921ALl!MIN1JM 1 7820.001 18.701 IJA 1 1 !HSU I 

ALI JMINI IM I 13 1000.00 18 70, 'JA IJHSI I 
ALLIMINIJM I 30900.00 200.00/ * /JA UHS U 
ALUMINIJM I 2431) nn 2nn nn I Iv T JHSI J 

ALUMINUM I 81700.001 200.00lN IJA I 

12691 GW03923IT 
12x7 (iW016471T 
1287 GW02921IT 

, I , 
10/23/92 ALUMINIJM 28 10.00 I8 70' /JA 1 ;HSI I 

9/9/91 ALUMINIJM I 836.00 200 00 ~ 1v UHSl I 
5/18/92 ALIJMINIJM 1 706 00 200.00 1 N IJA 1 I JHSI J 



TABLE I)-1 
UNFILTERED ALUMINUM IN UHSU GROUNDWATER 

location 

1487 
1487 
1487 
14x7 

I 

fieldid date-sampled Analyte RESIJLT (pd) REP-LIM qual-lab /qual-wc location-z 
GW02003IT 11/21/91 ALUMINUM 151.00 200.00 B 1 1 IHSIJ 
(iW023881T 2/21/92 ALUMINUM 326.00 200.00 lv IIHSI' 
(iW02922IT 5/20/92 ALlJMINUM I98 00 20000 BN I J A  IIHSIT 
(iWO3461 IT 8/3 1/92 ALI JMINI IM , 133 001 200.00, I1 IV I JHSI ' 

I 
I 

-_-__ , 

1787 [ GW02424IT 2/24/921 ALUMINUM 1 1200.00 
17x7 IGW02844IT 1 4/30/92] ALUMINIJM 1 3 120.00 

200.00 1 N /JA i UHSU 
200.00 I * /JA 1 UHSU 

1787 I GW03281 IT 
1787 1 GW03823IT 
23x7 jCiW01669IT 
27x7 /(;W02032IT 
- 23x7 l(iW02405IT 
21x7 ( i WO2X4 5 IT 

7/29/92 ALUMINUM 818 00 200.00 N* JJA  1 IlHSU 
11/10/92 ALUMINUM 3750 00 200.00 lv I I JHSI 
8/19/9 1 ALIIMINI IM 2550.00 /JA I JHSl J 20000 * 

I 1 R3/9 1 ALI JMINUM 10700.00 200.00 1v UHSU 
2/28/92 ALI JMINI IM 3720 00 200.00 N* IJA I JHSL! 
5/2X/92 ALI IMINI IM 2600.00 200 00 1 IV I I THSI I 

6270 001 200.001 lv I I J H S I I  

2587 jGW03912IT 10/27/92 ALUMINUM 459.00 
2987 I(iW01703IT 8/2 1 /9 1 ALUMINUM 6 100.00 

-i 

25x7 i(iW024061T 1 3/3/92/ ALlJMINl JM j 2230.00/ 200.00 I N* I J A  I UHSIJ 
2587 /C;W02865IT I 5/15/92/ AI I JMINI JM I 871) nnl 2nn n n l ~  I IA I T J H S U  

200.00 1 JA IJHSlJ 
200.00' * JA 1 !HSl J 

.. . ~.._ ~ - - - -. - - . - -.. 

2587 IGW03348IT 1 9/22/921 ALUMINIJM 1 2040.00/ 200.001 Iv 1 UHSIJ 

20x7 1 GWOX~XOIT 12/7/9 1 ALUMINUM 5670.00, 200.001 * JA I JHSI I 

6/9/92 I ALI IMINI JM I IJA I1 JHSI 

1287 C; W03880IT 11/30/92 ALUMINIJM 
14791 GW02157IT 12/17/91 ALUMINUM 
14791 GW02447IT 2/10/92 ALUMINUM 
14701 GW02908IT 5/20/92 ALUMINUM 
'34791 GW034S9IT 9/2/92 ALUMINI IM 
1479 1 /(iW03X6?IT 11/16/92 ALIIMINIIM 

200 OIII V ' I IHSI I x570  00' 

13300.00 18 001 V UHSIJ 
5720 00 200 00 1 V IJHSll 
2180 00 20000 N JA IJHSII 
3920 00 200.00 N JA IJHSLI 
4150.00 17.00 V iUHSI! 
45 IO 00 200 00 I V i I IHSlJ 

lGW03447IT 1 919/92/ ALUMINUM I 18200.00/ 200.00 1 lv 1 UHSU 

to/x/91 I A L I I M I ~ I I M  ' 145 00 
__c_---- . (iWO1XlXIT 

- 3 -- __t- 
15Hh 200 on I JA I WSI I 

15x6 /(;W0782XIT 12/10/92!ALIJMINIJM 1 2x70 001 200 00 ' V  
76x7 I (  iW01674IT XR7/91 ALI'MIhlJM ' 1790 00 20000l* JA 
3687 (iW020361T 1 l/2S/9 1 ALUMINUM 1290 00 20000 N* JA 
1687 (iW024 141T 3/5/92 ALUMINI JM 1400 00 200.00 * JA 
7 ~ 7  GW02852IT 5/15/92 ALUMINIJM 229 00 200 00 N JA 

1 IJHSU 
UHSU 
UHSU 
IlHSU 
I JHSI I 

1hX7 GW01784IT 
36x7 (iW03O241T 
? ' )Xh ( ; W 0 1 592IT 

8/17/92 ALIJMINIJM , 6890 00 200 00 h +-A_- JA I !HSI I 
10/27/92 ALUMINTIM ~ 8280 00 r l V  I JHSI I 

IIHSI' ___ 8/16/91 ALIIMINIIM A 2980 00 200 00 1 * ~ J A  __ 



TABLE 11-1 
UNFIL'TEKEI) ALUMINUM IN UHSU GROUNIIWATER 

~- ~ 
~ 

- l u ~ ~ c t i i m  fieldid date-sampled Puialyte ~ RESIJLT (JJEJI) REP-LIM qual-lal, qual-wc location-z 
79x6 G W0224 1 IT 1/21/92 ALUMINUM 7460 00 200 00 V UHSI J 

1086 (iW03328IT 9/8/92 ALUMINUM 3930 001 200 00 / v  I "SI 
79x0 GW098931T 10/19/92 ALUMINUM 14000 00 i 20000 N IJA I 1 JHSI I 

4 1 59 1 (; WO209 1 IT 12/6/9 1 ALI JMINUM 26300 001 20000 * I J A  1 JHSI ' 
._ 11 5 9  ___ 1 (;W02614IT 3/18/92 ALI IMINI 'M 14IO000/ 200 00 V : I  HSI' 
~- 11501 I(;W020521T 6/10/92: ALI JMIllTM i 42x00 001 29 20, ! JA  I HSI 
- i l < ' ~ l  ___ - (,W(J??')511 9/15/02 ALIIMINI M l670(J 00; 18 70 IA I HSI 
4 15') I 1 (iWO1Xl I IT I I / I ~ / O ~ I A L I ~ M I Y I ' M  1 6 5 00 00 200 00 !V IIIHSI' 

12/71!, 1 ALI TWIN1 'M ~ I 17000 on 200 00 * , JA ~ IJHSIJ 1 160 I 

31691 ,(rW02615IT i 4/1/02;ALlJMIh11M ' 70100 00 200 00 V ~ IlHSlI 
41 69 I ~ (;W02953IT 6/11/92 ALlJMIhI JM 64200 00 29 20 IJA 1 UHSC' 
41691 (;W03396IT 9/16/92 ALUMINUM 25400 00 18 70 JA UHSU 
41691 GW03806IT 11/18/92 ALUMINUM 1 S300.00 20000 N JA UHSU 
4286 GW01706IT 9/11/91 ALUMINUM 22600 00 200 00 JA IJHSIJ 
4286 GW02044IT 12/4/9 I ALUMINUM 956 00 20000 N* IJA LIHSLI 
4286 (iW02398IT 2/10/92'ALIJMINUM 30800 00 20000 N JA IIHSIJ 
4286 GW02846IT 5/29/92 ALUMINIJM 9990 00 200 00 1 V IJHSII 
42Xh (iW0378SIT 8/17/92 ALIJMINI JM 19700 00 200 00 j N IJA UHSIJ 

62x6 ( 1 w 0 1 7( JX  I1 X/22/0 1 ALI JMlNl IM 303 00 200 00,  * IIHSI' 
h L X h  __ - l(vW0204617 ' 1 1/25/o I 1 ALl IMIhI IW 574 O(J' 200 (,(I i + 1 JHSI I 

h ? X O  - _I-__ owo217xll  2/1 1/92iALIrMINI1M ~ 73x 00' 20000: jv I JHSI I 
h2Sh (1W0105hIT , 6/11/92, ALI M I N I  'M , I370 0 0 ,  29 20 1JA IJHSIJ 
- 62x6 l ( nb'012~J41T , 7/71/92 ALLJMINIJM 685 001 200 00 h !V UHSIJ 
62x6 I(rW0188SIT I 11/9/92 ALIJMINUM 218 001 200 00 JA UHSU 
6586 /C;W016711T 1 8/16/91 ALUMINIJM 749 00 20000 * JA UHSIJ 
6586 ~GW020S01T 12/6/91 ALUMINUM j os3 00 20000 * JA IJHSI I 

39x6 (iW02668IT 4/16/92 ALUMINUM 3750 00 200 00 , v  Lmsu 

- 

- __ ' ( 1 W0209OIT 
~ 

4286 (iW09925IT 1 1/70/92 ALI JMIYI JM 4650 00 1x00' 'V IJHSII 

65x6 i(;WO2326IT I 1/23/92 ALUMINIJM I430 00 20000 N* 1 JHSI 

I 
I 
I 
I 
I 
1 
I 
I 
I 
I 

165x6 l(iW02X401T I 4/30/92/ALUMlNlJM 60 1 .OO I 200.00 1 * I J A  I I JHSI 1 I 65x6 l(.iW02X401T 1 4/30/92 ALUMINlJM 1 60 1 .OO 200.00 * JA I JHSI ! 
hSX6 i(;W03308IT j 8/6/92 ALIJMINlJM 1 S46.00 200.00 E JA I JHSI J 
65x6 /(;W03917IT ~ 12/14/92 ALI JMINl JM I 10 10.00 18.00 ' V UHSlJ 

I I JHSI I 

132 I x7xo ' (iW(J24 1017' ~ IX-Feh-02 ALI 'MINIJM I 6530.00 200.00 IV UHSl I 

I(21X7XO I(;WOl673IT 1 20-Aug-91 ALIIMINIJM ~ 517.00 200.00 * JA i CJHS 1.r 
H21S7X9 , ( iW02034lT 1 Ill-h'~iv-'~l'ALl~MINlTM ~ 14600.00 200.00 

~~~~ 

~ ~ . ~ -  

_______~______ 

hSX6 i(;W03308IT j 8/6/92 ALIJMINlJM I S46.00 200.00 E JA 1 I JHSI J 
65x6 /(;W03917IT ~ 12/14/92 ALI JMINl JM I 10 10.00 18.00 ' V 1 UHSl J 
I(21X7XO I(;WOl673IT 1 20-Aug-91 ALIIMINIJM ~ 517.00 200.00 * JA ~ CJHS 1.r 
I(21S7X9 ~ ~ . ~ -  , ( iW02034lT 1 I~-N(IV-')I iALIiMINllM ~ 14600.00 200.00 I I JHSI I 

132 I x7xo ' (iW(J24 1017' ~ IX-Feh-02 1 ALI 'MINI JM I 6530.00 I 200.00 IV 1 UHSl I 

~~~~ 

I 
I 
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TABLE D-2 
UNFILTERED ANTIMONY IN UHSU GROUNDWATER 

oo?oi I ( ;WOXXIIT i 311 1/92 
0020 1 :(iWO?VlOIT ~ 5/21/92 
o m  1 I(iW03436IT 1 9/8/92 

I 
8 

ANTIMONY 8 00 60 00 1 I IN JA UHSU 
ANTIMONY I I8  00 60.00l I T  V UHSU 
ANTIMONY 1 44 80 18.XOI JA UHSU 

0029 1 GW03868IT 1 l/30/92 
0039 1 GW02158IT 12/17/91 
0039 1 GW02526IT 2/28/92 
0039 I G W029 1 SIT 5/2 1 192 

ANTIMONY ! 33.00 17.00' U V UHSU 
ANTIMONY 48.30 60.00 U JA UHSU 
ANTIMONY 8.00 60.00 U JA UHSU 
ANTIMONY 18.00 60.001 U V UHSU 

01491 
01791 
01701 
01791 
0 170 1 (CiW03283IT 1 8/3/92 ANTIMONY 1 18.80 V UHSI I 
01791 1 (iW03817IT 1 l/S/92 ANTIMONY 1 30.00 6000 IT V IJHSU 
0 I80 I ( i  W02 1781T 1 2/23/9 1 ANTIMONY j 55.40 60.00 I '  JA I iHS1 J 
I )  I X') 1 owo2so01 r 2/27/02, AN?IMOhY 1_ 8.00 6000 L' V - - 1 - __-Ip 

GW03814IT 1 ]/I 9/92 ANTIMONY 14.00 60.00 U V UHSU 
GW02173IT 12/19/9 1 ANTIMONY 236.00 60.00 JA UHSU 
GW02598IT 3/17/92 ANTIMONY 18.00 60.00 U V UHSI J 
(iW02871IT 511 4/92 ANTIMONY 18.00 60.00 U V IJHSU 

I i l l  X!, I -- ~ ( ~ W O 2 X 7 2 1 ' r ~  5/13/92 [ ANTIMONY j 60.00/1! / v  i I.IHS1.I I 

01991 (i W03Y07IT 
0209 I CW02138IT 

0200 1 1 GW02873IT 
0209 1 QW025 1 OIT 

10D3/92! ANTIMONY 24.40 1 24.40' U V UHSU 
12/14P 1 ANTIMONY 71.801 60.00 V UHSlJ 

5/15/92 ANTIMONY 18.001 60.00 I1 V 1 JHSIJ 
2/26/92 ANTIMONY 10.10/ 60.00 B V Imsu 

( . l lUil-l?Ol.l~~5-X4l )tTRLDZ.XLS)(8/4M 5:14 PM) Sheet I 



locat~on 

0309 1 
0309 I 
0 7 0 0  1 
O? 19  I -___- 

I 
I 
8 

fieldid d&e-wnpId kialyte 'RESULT (pg/l) REP-LIM qual-lJ> qual-wc 1 ~OGlhOll-Z 

GW0288 1 I T  5/12/92 ANTIMONY 18 00 60001IJN JA IIJHSIJ 
GW03409IT 8/19/92 ANTIMONY 27.20 18 801 JA IMSlJ 

(; W(12 1 56IT 12/19/91 ANTIMONY 27 00 60 00 I 1; IJA UHSl I 
(iW03914IT 10/22/92 ANTIMONY 24 40 2440 : l  V IJHS IJ 

0 2  I 0 I ( I W O ~ X X ~ I T  5/12/92 1 ANTIMONY 18 00 60 001 I Jh JA 
O??')l '(;WO?(Ic)21T ' 12/5/91 IAh'TIMOYY 117 00/ 60 001 JA 
(IT'30 I--- - 1 (rW02547IT I 3/13/92 ANTIhIOhY I 18 001 6000117 V 
_- 0 7 7 0  I i(;W07006IT 1 612/92 ANTIMOhY 1 18 00, 60 001 1 J v 
0 7 1 0  1 l(;WO31231T I 7/9/92 ANTIMOhY ' 20 001 6 0 0 d U  V 

4 

IJHSIJ  
IJHSll 
UHSU 
UHSU 
UHS U 

0339 1 GW03896IT 1 10/16/92'ANTIMONY 
03591 GW02161IT 1 12/19/91 ANTIMONY 
03591 GW028831T 1 6/4/92 ANTIMONY 

24.40 24.40 U V UHS u 
74.60 60.00 JA Imsu 
18.00 60.00 UN JA wsu 

04 5 9  1 (;W07882IT 12/8/92 ANTIMONY 
04Y9l (; W02939IT 5/21/92 ANTIMONY 
0499 1 GW03236IT 7/27/92 ANTIMONY 
0509 1 GW02177IT 12/23/91 ANTIMONY 
0509 1 GW02940IT 5/20/92 ANTIMONY 
0500 1 GW01237IT 7/28/92 ANTIMONY 
05091 GW03726IT 1 0L28/92 ANTIMONY 

33 00/ 1 7 0 0  U V UHSU 
18.00 6 0 0 0  U V UHSU 
20 00 6 0 0 0  U V UHS u 
48 60 6 0 0 0  IJ JA UHSIJ 
18 00 6 0 0 0  IT IV  IJHSIJ 
20 00 6000 IJ IV 1 1 JHSI J 
30 00 6 0 0 0  U Iv j IJHSI I 

05191 (;W021601T 12/17/91 ANTIMONY ~ 172 00 60 00 I J A  I IJHSI J 

I I 5 I ' J I  (IN I l i ? ? X l  I 7/24/02 4\TI\lO\Y *- 22 70 --- JA I IHSI 6 0  011 1 
i l5 l~ ) i  ( 1 W( I7 72 7 I7 1 ()/?Xi92 A \ TlblOh Y 10 001 hO0OII V UHS 1 

(;W020X4IT 12/5/91 ANIIVOhY , 50 601 60 00 11 1lHSIJ l J A  (UHSU 
lli? ')l 

0 5 1 0 1  I (;WO256hIT 3/5/92 ANTIMONY I 8 001 6000 I I N  JA 
05391 c W T 2 8 8 4 I T  611 1/92 ANTIMONY I 19.801 19x0 U IV UHSU 
05391 GW03388IT 9/10/92 ANTIMONY 40 00 18.80 I J A  UHSU 
05391 GW039 171T 10/28/92 ANTIMONY 30 00 6 0 0 0  11 IV IHSIJ 
05601 GW0206 1 IT 12/4/91 ANTIMONY 151 001 60 00 JA IJHSI I 
05h91 (iW02549IT 3/12/92 ANTIMONY 8 00 6000jUN JA LJHSU 
r m g i  (;W02885IT 5/28/92 ANTIMONY 18 001 60 00 1 Ti V UHSIJ 
m o l  (iW03'389IT I 8/21/92/ ANTIMONY 35 60 18 801 JA UHSlJ 

7 --- _ _ _  _- 
---- ~ 

* - _ - ~ _  - -L--L-- 

~ c-- _ - -  

~ - _  



TABLE D-2 
UNFILTERED ANTTMONY IN UHSU GROUNDWATER 
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TABLE 1)-2 
UNFILTERED ANTIMONY IN UHSU GROUNDWATER 



TABLE D-2 
UNFILTERED ANTIMONY IN UHSU GROUNDWATER 

Incam1 fieldid date-sampled Analyte RESULT $g/l) REP-LIM qual-lab qual-wc locahon-z 
2787 GW01669IT 8/19/91 ANTIMONY 51 40 6000 U JA IJHSIJ 
2787 GW02032IT 11/23/91 ANTIMONY 75 10  6 0 0 0  1.7 JA IJHSU 
2387 GW02405IT 2/28/92 ANTIMONY 8 00 6000 I1 V UHSU 
2387 (; W02845IT 5/28/92 ANTIMONY 18 00 6000 LJ V ImsI I 
27x7 (iW03256IT 7/70/92 ANTIMONY 2 0 0 0 ,  6000 IT V 1. JHS1.7 
27x7 ,(iWO?X16IT lI/h/92iANTIMOYY 1 30 00; 6000'11 V 1 UHSII 

~~~~~ 

6C)OO 1 Jh IA 1 CJHSU 
6000 U V UHSU 
6000 IJ V IJHSU 

y o n 7  (;W02852IT 1 5/15/92 ANTIMONY [ 
7687 C; W 033 84IT 8/17/92 ANTIMONY I 17 00 
3687 GW03924IT 10/27/92 ANTIMONY ' 33 00 6 0 0 0  U V 1 IJHSIJ 
79x6 GW01592IT 8/16/91 ANTIMONY 45 10 JA I I IHSI I 6000 I1 
79Xh GW02049IT 12/5/91 ANTIMONY 57 10 6 0 0 0  U JA UHSIJ 
7'1x6 I GW0224 1IT 1/21/92 ANTIMONY 8 00 6000 IJ V UHS1. J 
1086 I(iW01328IT 9/8/02 ANTIMONY I I7 00 6 0 0 0  I? V UHS U 
3 0 h h  ~(;WO?XO?lT lO/19/92 ANTIMOYY ~ 33 00 6 0 0 0  IJ V 1 I IHSU 

1iHSI' (rWO?O91 I 1  1 2/h/!, 1 AhTIhl( ) h Y  51 40 60 00 Ii V 4 I f O l  

(iWO20521T 1 611 OD2 ANTIhlONY 19 80 19 ROE V IJHSI I 
Oil 5/92 APUTIMO1Y 24 401 24 40 IT V IJHSll 

- i l T ' j l  

(1W01705IT I 4 l 7 ' J l  

4l?O I ~ (iW03Xl IIT 1 - 1  1/17/92 ANTlMOiLY 37 00 6 0 0 0  I J  V UHS U 
(;W02090IT ' 12/7/91 ANTIMONY , 194 00 60 00 JA UHSU 31h91  

41691 (iW02953IT 6/11/92 ANTIMONY 33 80 19 80  V UHSU 
41691 CiW03396IT 9/16/92 ANTIMONY 24 40 24 40 U V UHSU 
41691 GW07806IT 1 1/18/92 ANTIMONY 14 00 V IJHSIJ 6000 U 
42x6 GW017061T 9/11/91 ANTIMONY i 50 00 6 0 0 0  17 V I JHSl 

42x6 __ I(iW02798IT 2/10/92 ANTIMONY ~ 8 001 60 00 IT V I JHSI 1 

4286 i  I iWO2X46IT 5/20/92, AhTIMf )NY 18 00 6000 11 V IIIHSTT 

,+ 
i , w i m 1 4 1  r 3/5/92 AhTIMOYY - 2 --__ 1hY7 

- ___ - _ _ - ~  
, -  I -- _ _  --- +-- ~ _ _  

- ~ -~ 

42x6 I(iW02044IT 12/4/91 ANTIMONY 65 801 60 00' JA IrHSII 

~f 6 



TABLE D-2 
UNFILTERED ANTIMONY IN UHSU GROUNDWATER 

'KESITLT (pdl) IREP-LIM 'qwt-ld2 qi1a1-w~ , I o ~ a t w i ~ - ~  -- !4Ilal)ie . -____ 1 0 ~ d 1 1 1 l 1 1  ~ f l d t l l d  I date-wnpled 
4 2 \ h  -Ti~zTxTT - _ _  ~ Xi1 7/02, AYTI\IOI\Y 
4 2 h 6  (,W011)2511 I 1 1110192 1 Ah I'lMOhY 37 001 17 00 I 1 , V  l I IH\1 I 

(;wo17oXI I Xt22/Y 1 I AhTIMOhY 20 xo hO 00 1 H 1 IJHSU 
6 m +  lIJH5IJ 

(>?hh 

h2Xh ~(rWO2046lT 1 lnV91 ANTIMOhY + 411 6n 
62x6 '(iW03056IT 6/11/92 AKTIMOhY 19 80 1980 I iv UHSU 
6246 GW032941T 7/31/92 ANTIMONY 20 00 6000 U JA UHSIJ 
6286 G W03885IT 11/9/92 ANTIMONY 33 00 6000 U v UHSU 
6586 GW0167 1IT 8/16/91 ANTIMONY 50 40 6000 U JA UHSU 
6586 GW02050IT 12/6/9 1 ANTIMONY 16.00 I 6000 B JA UHSU - 

6586 (;W02840IT 4/30/92 ANTIMONY 18 001 6000 UN JA IJHSII 
65x6 GW03308IT 8/6/92 ANTIMONY 17 001 6000 lJ V UHSU 
65x6 ' (iW03947IT 12/14/92 ANTIMONY 1 I1 00 1700 I i  IV IJHSI J 
I { ? l h 7 X O  /(;W01677IT 20-Aug-9 1 ANTI?{( )h Y , 75 60 6000 I '  ' TA I IHSI I 
I<? l h 7 h Y  ~rVv'02O141T --c IO-Nov-91 ANTIMOhY I 41 30 6000 H IJHSl I 
Ll2lS7hO l(1W0241Y11 ~ 18-Fell-02 ANTIMONY I 8 00 6000 T I  JA IJHSIJ 
L<?Ih7XO I(iW02XhhlT 8-Mav-92 18 00 60 00 1rN I J A  UHSU 

17 0 0 ~  60 O O L  \i I JHSI -- ~- ~- 

- __ - -.___*__-___- 
- _ _ _ ~  

6586 GW02326IT 11'23192 ANTIMONY 8.00 j 6000 U UHSU 

- - _ _ _ _ _ _ _ _ _ _ _ .  
_ _ _  

- _ _ _ _ _  

1321x789 I(iW03349IT 
F2%7XO I ( ; W039 13 IT 

I 

21-Aug-92 ANTIMONY 18 801 1880 I '  V I I J H S ~ J  
V I UHS~J 33.001 60.00 U 27-Oct-92 ANTIMONY 
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TABLE D-3 
UNFILTERED BERYLLIUM IN UHSU GROUNDWATER 

- ----f 
I I O l o l  lC;W074751T ' 9/1/92 
00 1') 1 (; WO3X61 IT 11/18/92 
00291 CiW025XIlT 3/11/92 
00291 GW02910IT 5/21/92 
00291 (iW03436IT 9/8/92 
00291 GW03868IT 11/30/92 
00391 GW02158IT 12/17/91 

HERYLLITJM 0 60 0 60 JA UHSIJ 

BERYLLIUM 1 .OO 500 tJ V UHSU 
BERYLLIUM 1.70 5 0 0  B V 1 JHSU 
BERYLLIUM 8 70 0 601 V UHS1 J 
BERYLLIUM 1.601 1 0 0  V I JHSU 
BERYLLIUM 1.10/ 5 0 0  B V UHSIJ 

~ 

BERYLLIUM I 24 30 5 00 V UHSU 

1.701 5.00lII I J A  1 UHSU I 

00491 
01391 
01491 

9/1/92 1 BERYLLIUM 1 0.60 1 0.60 1 U IV I UHSU I -- I 

GW03889IT 11/9/92 BERYLLIUM 1 .oo 5.00 U V UHSU 
GW03259IT 7130192 BERYLLIUM 3.00 5.00 U V UHSU 
GW02597IT 3/18/92 BERYLLIUM 14.60 5.00 V IJHSlJ 

01491 GW03260IT ~ 7/30/92 

01701 - i(iW02173IT 1 12/19/91 
01491 GW03814IT ~ lI/l9/92 

101491 /GW02858IT 1 5/15/92/BERYLLIUM 1 1.101 5.00 I B Iv 1 UHSU I 
BERYLLIUM 15.30 j 5 00 V 1 lJHSIJ 

HERYLLIlIM , 11 901 5 00 V j IiHSl' 

1 HERYLLIliM I 7 30; 5 00 V I I ~ H S I J  

- t  ---/ - __ 
O I X O 1  !(;WO2509IT j 2/27/92 
01x91 /(;W028721T 1 S/I 3/92 
01X91 /GW03284IT 7/29/92 
OI99 I IGW02853IT 6/4/92 
01091 GW03350IT 9/14/92 
01991 GW03907IT 10R3/92 
02001 CiW02138IT 12/14/91 
I )?I 10 1 ( ;A'025 1 OIT 2/26/92 
l l2 l l ' ~ l  (;wo?x711 I 511 5/Y2 

7/7 1/92 021 1') 1 

(12001 ((iWO3XI9IT ~ 11/6/92 
022'JI I(IWU?II?I? ~ l2/16/9 1 
O??Ol 1(1W02511IT 1 2/26/92 
02291 GW02874IT 5/14/92 
02291 GW03286IT 7/3 1/92 
02291 GWO3820IT 10/29I92 
02491 GW02114IT 12/16/91 
02401 GW02572IT 3/11I92 
02491 GW02875IT 5/15/92 
1E101 (iW072871T 7/3 1/92 
02501 (;WO?OI5IT 6/9/92 

_-__ 
- _____- 

- __ ( i Wl)72XSIT - t- 

-~ 

_ _  - _ _  1- 

1 00 5 00 I1 V UHSU BERYLLIUM 
BERYLLIUM 1 3 0  5 0 0  B V IJHSU 
BERYLLIUM 3 10 5 0 0  €3 V I JHSIJ 
BERYLLIUM 1 5 0  5 0 0  B IV IJHSIJ 
BERYLLIUM 2.20 0 60 JA UHSU 
HERYLLITJM 0 80 080 u V UHSl I 
BERYLLIIJM 3 80 5 0 0  B JA IJWU 
HERYLLIIIM i 100 500 IJ V 1 I r ~ ~ i ~  

I V 1 I lHb1 I HEKYLLIl IM i 3 0 i  5 00 H 

HERYLLIIIM 4 30, 5 00 B V UHSU 
BERYLLIUM 1 9 0 ,  500 IJB V I JHhlJ 

BERYLLIT IM 3 00 5 0 0  B JA UHSU 
HERYLLIlJM 1 3 0  5 00 H V UHSU 
BERYLLIUM 1.30 5.00 B V UHSU 
BERYLLIUM 1 .so SO0 UB V UHSU 
BERYLLIUM 4.50 0 80 JA IrHSlJ 
BERYLLIUM 1 3 0  5 0 0  B JA I JHSl J 
BERYLLIUM 1 00 500 LJ V I'HSU 
RERYLLII JM 1 00 5 0 0  U V IJHSIT 
HERYLLII IM I 00 5 00,Il V 1 I JUS1 I 
HERYLLIl IM , 1001 5 ooi11 i l 'H5li  

-L _ _  2- 

CI?W I , ( ; W I ) W I I  r 7/12/02] HEKYLLIIIM 1 OOI 5 00 1 ' V 
U20') I l ( iW02XGT 5/8/92 1 BERYLLIUM 1 1 .OO I 5.001 U V 
0209 I 1 GW033S 1 IT 8/21/921 BERYLLIUM 0.60 1 0 6 0 1 ~  V 

- --- 
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TABLE D-3 
UNFILTERED BERYLLIUM IN UHSU GROUNDWATER 

I ~ l L a t l o n  ifirltlld i date-\ampled AnaIyte /RESILT (pd~) 1 REP-LIM qual-lall Iqual-wc j location-z ___ 
I 0200 I (rWO1OOXIT 1 10/20/02 HEKYLLll'M 0 80 O x O l l i  1 v illHSI1 

(1~01) i  4 ( 3 i ) 2 1 1 4 1 r  ! 12/14/91 HERYLLIllM 3 201 500 H JA 1 THSI I __ 
070V1 1(;W0256XlT 1/5/02 I%EKYLLIIIM 1 001 SO0 T I  V UHSI I 
owoi /( ,wimxiir  ' 5/12/92 HERYLLII IM 1.001 500 1' V UHSU 
01091 (;W039141T 10R2/92 HERYLLII JM 1.901 0 80 JA IJHSU 
03  1 9 1 ( iW02 1 561T 12/19/91 BERYLLIUM I001 500 U V UHSU 

- ___ 
.- __ 

03191 GW028821T 5/12/92 BERYLLIUM 1.001 500 U V UHSU 
103391 iGW02092IT I 12/5/91 iBERYLLlUM I 7.501 5 001 IV I IJHSU 

1 
a 

01391 jGW02547IT 
03391 lGW03006IT 
03301 /GW03123IT 

311 3/92 HERYLLIIJM 1 .00 5.00 U V 1 UHSU 
6/2/92 BERYLLIUM 6.10 5.00 V 1 UHSU 
7/9/92 BERYLLIUM 3 .OO 5.00 U V ~ IlHSlI 

. - _____~  

I1J ') ' )I  t(;wll3236i.r ! 7/27/92 1 HEKYLLII IM ~ 3.101 s.oo 
o w i  , ( ; w o ? 1 7 7 1 ~  ~ 12/27/91 HERYLLIIIM 1.30~ 5.00 
05001 -tC.;WO?6101T7 3/26/92 HERYLLIIIM I 1.00; 5.00 
0500 I ~ (;W02040IT SR0192 BERYLLIUM 1.10; 5.00 
OS09 I GWU3237IT 7/28/92 BERYLLIUM 3.00' 5.00 
05091 GW037261T 10/28/92 BERYLLIUM 1.70 5.00 
05191 GW02160IT 12/17/9 1 BERYLLIUM 11.00 5.00 
OS191 GW02571IT 3/5/92 RERYLLIUM 1.001 5.00 
05 191 (iW0294 IIT 5/21/92 BERYLLIUM 1.801 5.00 
OS I91 (iW03238IT 7/24/92 BERYLLITJM 3.001 5.00 

. ___ 

n 1V i 1 iHSI i 
I I iJA ~ I JHSIJ 

B V UHSU 
U V UHSU 
B V UHSU 

V UHSU 
u V IJHSII 
B V IlHSU 
U V I JHSI I 

l i  v I I JHSIJ 
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TABLE D-3 
UNFILTERED BERYLLIUM IN UHSU GROUNDWATER 

12191 GW03410IT 8/19/92 BERYLLIUM 160 
121 91 GW039 10IT 10/21/92 BERYLLIIJM 114.00 
12291 GW02607IT 3/17/92 BERYLLIUM 1 .00 
122'91 CiW02XSOIT 5/29/92 BERYLLIIJM 110 
I ? ? ' )  _ _  I :I; WO24? XIT 2/12/92 HERYLLII JM 7 00 

8 
0 60 JA UHSU 
4 00 V UHSU 
5.00 U V I JHSU 
500 U JA I JHSIJ 
5 00 V 1 JHSI J 

t 

12701 (;WO?XX71T _. - - 5/14/92 HERYLLII JM I 1201 500 

I 
B IV 1 JHSI I 

E 
1 

12491 GW039221T 
12691 GW02437IT 
12691 GW02889IT 

~- 
12Wl I(;W03290IT 1 7/29/92 1 HERYLLII JM I 3.10 5 00lB lv ~I JHSIJ  
12001 (GW03822IT ] 11/10/92/HERYLLIIJM 1.40 5.00 1 U I J A  I UHSU 

10/22/92 BERYLLIUM 13.40 0.80 V UHSU 
2/13/92 BERYLLIUM 3.00 5.00 B V UHSIJ 
5/29/92 HERYLLII JM 1.10 5.00 1 IJ JA IJHSI J 

- 
I260 I i (;W039231T j 10/23/92 
12x7 i ( i ~ o 1 6 4 7 1 ~  j 9/9/91 
I?si !(iW02021[T j 5/18/92 

~~ ~~ 

$ 

HERYLLII JM 0.80 0.801 U Iv I JHSI J 
HERYLLII IM 2.00 s.no/ 1 ! ' V  1 IHSI 1 
HERYLLII JM 1 1 .0(1 1 5.OOlI' / V  :I!HSIJ 

12401 I(iW03422IT 1 9/14/92/HERYLLIUM 6.301 0.601 i UHSU I 

I 20') I ~ ( i W 03 Xh7 1 T 1 1/30/02 1 HERYLLII JM 1.00! ! V  

13001 (iW03440IT 9/9/92 HERYLLIIiM 0.60 0.60 11 V 
I3 10 1 (;W029051T 5/19/92 LiERYLLIUM 1 .oo 5.00 U V 
13191 GW03433IT 9/2/92 HERYl.T.TI JM n f i l l  n.hn T I  V 

1  IO I ( iw029  i 2 r r  5122192 LIERYLLI1 JM I 1 .oo 5.00 I J  ; V  -. 

I.rHS1 J 
IJHSU 
IJHSIJ 
UHSU 
I MSI J 

12601 I(;W034231T 1 9/10/92/RERYLLILJM I 0.60 I 0.60i u Iv I T  JHSI J I 

13191 
13391 
13391 
13391 

GW038551T 11/17/92 BERYLLIUM 1 .OO ~ 5.00 IJ / v  UHSU 
GW030161T 618192 BERYLLIUM 1 .50 ~ 5.00 B V UHSI I 
GW03354IT 8/20/92 BERYLLIUM 2.80 0.60 JA IJHS I J 
GW03006IT 10/20/92 BERYLLIUM 0.80 0.80 u V / I JHSI I  

6/24/92 13491 ](;W030631T 
13401 - . ~ p  ~GW03311IT j XD1192 
. ...__ JA I JHSI I 

BERYLLIliM 1 3.10 0.60 JA I iHSI I 
BERYLLII iM 1 8.40 5.00 

13401 (;LV(l3'J?XlT ~ 1O/22/9?~I{ERYLLII!M 3 1 .oo ! 0.80 
I4S7 ' ( ; W ~ l l ~ , 4 6 l T  I 9/5/9 1 I UEIIYLLII JM ~ 2.00 i 5.00 

V I :HSI I 
11 IV I IHSI! 

! 1 c- -. ..__ ~~ ~~~ 

14x7 , ~ i W l l 2 ~ I l ~ 3 1 ' ~  - : llL2I/Ol iHERYLLll!M 1 .[I0 ~ -I=- 5.00 1i 

14x7 __-. ; ( i W O ? ? X X I T  . I 2/21/02' HERYLLII JM 1 .00 5.00 1:  ' V  
14x7 /(;W020221T 5120192 I HERYLLII IM 1 .oo 5.ooj 11 ; V  

--___ - 

~~ 

I JHSI i 
iI;HS[: 
1 JHSIJ 



- - i-- ~- 

14x7 , (iW074h 1 IT I 8/3 1/92 HERYLLIIiM 1 00 5oo T I  
15x7 '(iW01650IT 9/4/9 1 BERYLLIUM 2 10,  5 00 B 
15x7 GW02005IT 12/18/91 BERYLLIUM 1 .OO 1 5 00 u 
1587 GW02422IT 2/25/92 BERYLLIUM 1001 500 U 

V j I 'HSI 
V IJHSU 
V UHSU 
V UHSIJ 

17x7 'GWOlbX7IT 1 8/19/91 ]BERYLLIUM 1 .OO ~ 5.00 ] U Iv 1 UHSU 

17x7 ( ~ W O ? 2 X l I l '  ~ 7/29/92IBERYLLllJM ~ 3.00 I S.OOll1 lv iIlHSl1 1 

1787 l(iW024241T 1 2/24/92 I BERYLLIUM I 1.00; 5 00lu jV 
(;wo?84llT j 4/1O/92 1 HERYLLIT IM I 100, s 001Lr / V  

_ _ ~  
t- 

17x7 
~ 

I IHSU 
1 JHSI 

I 
1 

27x7 - ~(;WOl66OIT I Xll9/9l BERYLLITIM 1 .oo 5.00'1r 
2187 j(;WO?O321T I 1/23/91 HERYLLIlJM 1.10 500 B 
2387 I GWO24051T i 2/28/92 BERYLLILJM I 1 .0O 5.00 ti 

UHSU V 

V IJHSI J 
V UHSU 

__ 
3687 1W010241T /1(,R71')2/L(ERYLLIIlM 7- 1 .oo 1 5,OOitJ 1 (T7 .. . ~ ~ 

39x6 __ -~ 1 G W 0 1 5021 T 8/16/91 HERYLLIIiM i I .OO i 5.00 IJ 
39x6 i GW0204YIT 12/5/Y 1 BERYLLIUM 1 .00 5.00 U 
- .. 

V ! 1 MSI; 
V IlHSIl 
v UHSti 

3986 G W0224 1 IT 1/21/92 
3986 GW03328IT 9/8/92 
3086 GW03893IT 10/19/92 

BERYLLIUM 1 .00 5.00 U V UHSU 
BERYLLIUM 1.00, 5.00 U V UHSU 
RERYLLIlJM 1.20 ! 5.00 u V IJHSI 1 
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UNFILTERED BERYLLJUM IN UHSU GROUNDWATER 
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TABLE D-4 
UNFILTERED VANADIUM IN UHSU GROUNDWATER 

110291 I(iW03868IT 
00791 (;W02158IT 

I 
1 
t 
I 
1 
I 
I 
E 

I 

11/30/92 VANADIUM I 40.70 300  IJGL i IV / IJHSTT 
12/17/91 VANAI)ILrM 38 90 5000 lJG/L ,HE - IJA (IrHsi i  

I , J 

00 19 1 Ci WO386 1 IT 11/18/92 VANADIUM 3 18.00 50.00 UG/L V UHS U 
00291 GW02S81IT 3/1lDZ VANADIUM 60.50 50.00 IJG/L V UHS LJ 
0020 1 C; W029 I OIT 1 5/21/92 VANADIJJM 67.40 50.00 lIG/L V LJHSI I 

01491 1GW03260IT 1 7/30D21 VANADIUM I 171.00 50.00 UG/L ~ JA 
01491 I(;W03814IT I 11/19/021VANAI)IIIM i 198.00 50.00 1KyL ~ V 

100291 I(;W03436IT 1 9/8/92/ VANADIUM 1 254.001 2.901lJC;L I ' V  1 1 IHSI I I 

UHSlJ 
I IHSl J 

/ v  

V 
12/23/01 I VAKAI)Il!M 1 15.xo 50.00 i I I( i/L ' H V 

50.00 1JG/L B V 
5/13/92 VAN ADIT JM 20.40 50.00 IIG/L B V 

01x01 (;W03284IT 7/29/92 VANADIUM 26.90' 50.00 lKi/L H V 
010'i1 ( ; W 0285 3 IT 6/4/02 VANADIUM 64.60 50.00 lG/L 1 ! V  
01091- GW03350IT 9/14/92 VANADIUM 45.70 2.90 LG/L 1v 
ni 90 I ( ; w 0 3 9 0 7 1 ~  10/23/92 VANADIIJM i 14.10 3.30 UG/L / V  
0200I (;W0213XIT 12/14/91 VANADIUM 1 40.60 50.00/ I TG/L I< / v  

______ 

1 JHSIJ 
1 IHSU 
LJHSIJ 
UHSU 
UHSU 
UHSU 
IJHSI I 
I lHS1 I 
1.IHSlJ 
I THSl I 
IJHSIJ 

oLzo1 i(;Wozi 1 7 1 ~  j l2/16/0 I VANAD11 IM 36 30 5000 rrc;/L B IV LJHSIJ 
-_ Il22OI -_ ~ W O Z S I I I T  I 2/26/92 VANAD11 TM 27.30 5000 IIG/L B V UHSU 

02291 1GW03286IT I 7/31/92 VANADIIJM 14.50 50.00 UG/L u JA UHS U 
02291 1(;W02874IT 1 5/14/92 VANADIUM 18.40 5000 UG/L €3 V LJHSU 

02291 
02491 
0249 1 
02491 
024')l 

Sheet 1 of 6 i4lLtO-l ?!I! -!XnS-R41)(TIiLI)-4.XLS)(8/4r)0 5:12 PM) 

GW03820IT 10/29/92 VANADIUM 53.10 3.30 I J G L  1 V IJHSU 
GW02114IT 12/16/91 VANADIUM 14.80 50.00 L!GL B V 1 IHSI I 
(iW02572IT 3/1 ID2 VANADIUM 7.00 50.00 l E / L  B V IlHSll 
GW02875IT 5/15/92 VANA1)IlIM 7 80 50.00 UG/L TI JA I IHSl I 
(;W032X7IT 7/31/02 VANADIIIM 7 70 50.00 l'(i/L 11 JA 1 IHSI I 



TABLE D-4 
UNFILTERED VANADIUM IN UHSU GROUNDWATER 

02991 (GW03908IT 
0709 1 GW02134IT 
07001 I(;W02568IT 

I 
I 
I 

10/20/92 VANADIUM 1 26.80 I 3.30 U G L  1 / V  UHSIJ 
12/14/91 VANADIUM 1 40.001 5000 UGL IR J v  UHSlJ 

7/5/92 VANAT)lIiM i 74 401 w o n  IIGA I U  V I IHCl I 

03301 (;W02002IT 12/S/9 1 
03391 GW025471T 3/13/92 

03391 GW03123IT 7/9/92 
03391 GW03006IT , 6/2/92 
I___ 

VANADII JM I 111.0ol 50.00 I K / L  ' V UHSU 
VANADIUM 13.901 50.00 U G L  B V UHSU 
VANADIUM 140.00! 50.00 U G L  V UHSU 
VANADIUM 69.40 1 50.00 TJGL V IJHSIJ 

/GW038961T 1 10/16/921VANADIUM 1 55.001 3.30lUGIL I IV /lIHSll I 

ll?Vll l(;W013X71T I 8/11/02 1 VANADIT iM I O  90' 2 c,o/rrc;/L , iV 1 I IHSI J 
07h'J 1 ( rWII?I~J%IT h/%/'Ll VANAD11 'M - 144 00 1 50 on 1 I I( ;L V 1 IHSI I 
0;h'JI * [ G L V O ~ I ~ J I ~  +--- -7Z/)?iVAhAl%lM-- 71) 70 50 00' 1 '( l/L v I lH\I 
I )?h ' )  1 ,lrUI~?XO71T -__r---- 10/21/02 VAIUA1)Il M , ?*OO'--? IOITi(l,L -t V IrHSII 
01701 (;W02001IT , 12/h/!, 1 VAh AD11 JM , 102 OO[ 50 00 [ I (  ,/L 1 IV I IHSI J 
0'3791 (rVv01557lT 3/19/92 VANADII JM 2x0 001 50 00 IK;/L. ' Iv UHSI J 
07701 (iW010071T 6/10/92 VANADIT JM I 37 xo 3 50 llG/L IV UHSU 
03791 GW03125IT 7/10/92 VANADIUM 27 80 5000 UG/L B V UHSU 
07791 GW01898IT 10/16/92 VANADIUM 24 40 3 30 UG/L V UHSU 
0386 GW01762IT 9/11/91 VANADIUM 10 00 SO00 UG/L U V UHSIJ 
07x6 GW02026IT 11/13/91 VANADIUM 7.20 5000 UG/L B iJHS1 J 
03x6 CiW026 12IT 4/1/92 VANADIUM 4 20 5000 U G L  B V LJHSU 
03Xh GW02956IT 6/12/92 VANADII JM 3 50 3.50 I J G L  lJ V I JHSlJ 
0 7 X h  /(;W013921T 9/16/92 VANADII JM 3 00 SO 00 iJG/L T I  V 1JHSU 

( r ~ o i o ~ o ~  r I 6/23/92 VAhADIIfM j 'J40 00 50 00 1 l(i/L E JA IiHSIJ 
7/X/92 VANADII M I 342 001 50 00,LJt;/L [ IV UHSIJ 

~ ( ~ W 9 7  ( ;WI)?  XOOIT 10/21/02 VAhA1)IIIM 1020 n o ,  I h 5 0 l l J ( ; / L  / v  UHSU 
0 4  1 9 1 I ( ; W02021 IT 5/19/92 I VANAI)Il 'M 1 16 101 S000/ l J ( ; /L  IH V 1 JHSIJ 
04291 I(;WO2924lT 5/19/92 VAN AD11 JM 1 4 701 S000/IJ(i/L jll JA UHS U 

04591 GW0252SIT 3/3/92 VANADIIIM 41 90 5000 UG/L BE JA IJHSU 
04591 (iW02931IT 5/22/92 VANADIUM 42 40,  5000 I J G L  H V IJHSI I 
0459 I (;W01450IT 8/3 1/92 VANADIUM 20.701 2 90 I JGR. V I JHSI J 
0459l (iW03882IT , 12/8/92 VANADILJM 24 101 300 UG/L , , V  I JHSlJ 
- 04001 _-- (;W02979IT I 5/21/92 VANADIIIM 1 22 701 SO00 IJG/L IH IV 1 I JHSl J 
04001 /(1W0?27hIT 7/27/92 VANADIIiM ' i n  101 50 00 I JG/L 1 I< ' V  1 i IHSI I 

---, 

- 

_ _  _ _ - _  

l I ? h h  ' ( T W ~ ~ ~ X I O I T  ~ 11/17/92 VANADII 'M s no 50 00 I J(;R. I I IV I I IHSI 1 

o w 1  -Tc,\ioTi%Tr- i- 
l l  1 

7 

04591 GW0217SIT 12/20/91 VANADIUM 1 81 SO 5000 UG/L V UHSU 

03591 /(;W02161IT 1 1211 9/9 1 1 VANADIUM I 32.10/ S0.00/ LJG/L B / v  1 UHSU 
- OqSYI /(iW02Y83IT 6/4/021 VAN ADIT JM j 22.301 500011JG/L IH 1V 1 I JHSU I 

05191 
05191 
05191 

(iW02571IT 3/5/92 VANADIUM 17 80 5000 UG/L B V UHSU 
GW02941IT 5/21/92 VANADIUM 48 90 5000 UG/L B V UHSU 
CiW03238IT 7/24/92 VANADIUM 89 60 50 00 I IGA V imsu 
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TABLE D-4 
UNFILTEKED VANADIUM IN UHSU (;ROUNDWATER 

I 
I 
I 
I 
I 
I 
I 
I 
I 



TABLE D-4 
UNFILTEKED VANAIIIUM IN UHSU (;ROUNI)WATER 

REP-LIM I u m  (pai-iat) qual-wc 
50001J(;/l  H :V 

14x7 'GW029221T ' S/20/92 VANADIIJM I 12 201 5 0 0 0  U(;R. B IV  
1487 CiW03461IT 8/3 1/92 VANADIUM ' 9 601 5000 UGL. U JA 
1587 GW01650IT 9/4/91 VANADIUM 83 501 5000 UGR. V 
1587 GW020051T 12/18D1 VANADIUM 30 001 5 0 0 0  I J G L  BE JA 
15x7 GW024221T 2/25/92 VANADIUM I 73 601 5000 U G L  V 
1587 G W 029 1 4 IT 6/23/92 VANADIUM 1 93 401 5 0 0 0  UGR. E JA 
1587 GW03442IT 9/1/92 VANADIUM 51 601 5000 UG/L V I 
17x7 GW01687IT , 8/19/91 VANADIUM 11.901 5000 U G L  H IV 
17x7 - 1(;W02011IT I 11/18/91 VANADIITM I 43 401 SO00 U G L  BE ~ J A  
17h7 ----l-.,__t_ ( ,wrwr - r  ' 2/24/92 VANAI)II!M 1 1u 00; 50 00 I K;/L H IV 
17x7 I (sW02X441T 4/30/1)2 VANAI)II rM 14 101 50 00 I K V L  HE 
17x7 I(IWO??XIIT I 7/29/02 VANADIT IM 12 201 5 0 0 0  rK;/L 1 B  IJA V 
- _ _ _ -  

I 
I 
I 

location-z 
UHSU 
UHSU 
UHSU 
UHSU 
UHSU 
UHSU 
UHSU 
UHSU 
UHSIJ 
UHSIJ 
IJHSII 
UHSL 
UHSU 

17x7- - T O 1 X 2 1 I T  1 11/10/92! VANAD11 M 8 00 50  00 11c;n. 
27x7 ___ (;W01669IT 1 8/19/91 VANAIIIIIM 12 40) SO00 ric;/L 
27x7 (rW02032IT 11/23/91 VANADIIJM i 17 301 5 0 0 0  UGL. 
2187 GW02405IT 2/28/92 VANADIUM 1 18 40 5000 UGL. 
2387 GW02845IT 5/28/92 VANADIUM I 13 70 5000 1JGL 
21x7 GW03256IT 7/30/92 VANADIUM ~ 13 60 5000 U G L  
23x7 /(;WO78lhIT 11/6/92 VANADIIJM ~ 3 1.20 5 0 0 0  TJGR. 
25x7 (tW01685IT I 9/10/(31 VANA1)ITJM I 29 8Oj 5 0 0 0  UG/L 
25x7 (;W02030IT I 11/18/91 VANADITIM 1 36 90' 50 00 IiWL 
25x7 (iW024OhIT I 7 /7 /02  VANADIT 'h4 18 70,  SO 00 1 I( ;/L 

5/15/92 VANALIII iM 12 40 50 O O ~ ~ K ; / l  
4-- . -  

1 JA I UHSU 
l V  1jh5b H 

BE JA UHSU 
BE JA UHSU 

IB V UHSIJ 
H V 1JHSlJ 
T I  I J A  lJHSI! 
€3 IV I JHSI J 
HE IJA 1 JHSI 
NE 1 JA IJHSl 

/I{  V 1 I:HSI I 

_ _  

Sheet 5 uf 6 

20x7 (; W020XOIT 12/7/91 
2LYX7 bW02412IT 2/12/92 
29x7 GW03058IT 6/9/92 
2987 GW03292IT 7/3 1/92 
2987 GW03730IT 10127M2 
12x7 GW016421T 9/4/91 
12x7 G W02012IT 11/22/91 

2/25/92 
12x7 511 8/92 

(I\\. O W 7 I T  1 9/9/92 q2x7 
4- - 

VANAIIIUM 19 90 5000 UG/L IB V UHSU 
VANADIIJM 19 70 5000 UGR. B V UHSU 
VANADIUM 33.90 5000 UGR. B V UHS u 
VANADIlJM 35.10 5000 UGL 1' JA UHSU 
VANADIUM 32 00 5000 IJGL IJ V 1JHSlJ 
VANADIUM 80 80 5000 uc;n IV 1 TUSLI 
VANADIUM 30.50 5000 UGR. BE IJA UHSIJ 
VANADIIJM , 63 7 0  5000 U G L  IV IJHSCJ 
VANADII TM I 60 60 5000 LJ(;L  1 ]V UHSI J 
VANAIIIIrM 1 49 90  5 0 0 0  ll(;/L 1 1  IV 1 IHSI I 

- 
______________ 

12x7 I (  >\\ l l7xxll l  I 11/30/02i VANADII IM 41 401 1 00 
12/17/V1 lVAIUAI)IIIM 1 4  vi 5 0  00 

U W I  ( , ~ 0 2 4 1 7 1 r  , 2/10/')2 +- VAKADIIiM 1 9 701 50 00 
14701 I__ '(rwC129oxir i 5/20/02 VANADIIIM I 8 00 5 0 0 0  
34701 CiW034SYIT YD/92 VANADIITM 1 2 90 2 9 0  
34791 GW01863IT 11/16/92 VANADIUM 1 6 70 5000 

( l w o 2 ~ 5 7 ~ r  ? 4 7 y l  --L- __  ~- ; 
_ _  __ 

15x6 Ci W0 1 8 I 81T 1 O/X/9 1 VANADIIJM 5 30 5000 
25x6 _ _  (;W021 O51T I/l0/92 VANADIUM 10 80 5 0 0 0  
15x6 (iW02631 IT 41'7/92 VANADII IM 9 50 5000 
35Xh (iW012171T 8/5/92 VANADII JM 3 00) 50 00 
35x6 (iW0782XIT 12/10/V2 VANAD11 JM 7 101 5000 

1 h X 7  I (,WO?OlhlT 11/25/01 IVANAI)II'M 1 10 00 1 5 0  00 

- 

36x7 - _  (;W01674IT 8/27/01 VANADIlIM I 11 801 

I i( ;R. V I fHS1 I 
1 K;/L IiE ! J A  1 JHSI I 
1XrL H V UHS U 
\l(i/L E3 , v  LJHSU 
UG/L u I J A  UHSU 
UGL i r  lv lJHSU 
IJGL H IV um 1 

IJ(X H , v  1JHS1' 

- 1JC;R. I !  ! J A  I IHSI I 

1rc;R. T I  IV IJHSI~ 
rrc ;/L  ,H ' V  1'HSl' 

LJHSIJ 
1 I (  ,/L 11% 1 IHSlJ 

1 -  

s o o o r i c ; f l . H  'V 

I 

1 0 h O i  +- 1; !:: - ____ 
3hX7 1 ( I W( 124 14 IT 7 m 2 1  VANADII  IM i 
1hX7 -+- '(1W02X521T - - r - - ~ / 1 1 2 ! V A Y A I ) I I W  1 7 00, 50 00 rrc;/L ! 

~ 

___ 36x7 ; ( ,wo?1xJI  r 8/17/92] VANADII IM I 23 70 5000 rrc;/L I IJA 
1 h X 7  ' ( ;WON241T I 0/27/(,2 1 VAN AD11 JM 1 23 7 0  50 00 K R .  T I  JA 
30x6 (rWO15Y2IT 8/16/91 VANADIIJM I 1s 10 SO00 U(;L u V 
7986 G W02049IT 12/5/91 VANADIUM 1 8 50 5000 UGR. B V 

~ 

,4986 GW02241IT 1/21/92 VANADIITM ~ 19 ti0 5000 I J G L  H / V  

lIHSI1 
I IHSU 
UHS IJ 
IJHSI J 
UHSU 
UHSU 
IJHSI: , 



TABLE D-4 
UNFILTERED VANADIUM IN UHSU GROUNDWATER 

1 
I 
I 

, 

6286 CiWO2378IT 211 1l92 VANADIUM 8.90 50.00 UG/L B V UHSU 
6286 GW03056IT 611 1/92 VANADIUM 8.10 3.50 UCL JA UHSU 
6286 GW032941T 113 1/02 VANADIUM 10.40 50.00 UGL IJ JA UHS I1 
62x6 GW03R851T 11/9f92 VANADlUM 5.00 50.00 UGL l J  IV 1 JHS U 
6586 (;W01671IT 8/16/91 VANADIIJM 8.90 50.00 U t i L  €3 / V  IJHSU 
6586 (iW02050IT 12/6/91 VAN AD11 Jh4 $ 4 0  50.00 U G L  /E3 / V  1JHSlJ 

IlHSIJ 
1 

1/23/02 VANADIIIM 6.60 50.00 IJGL 1H 

1H21X780 lGW03349IT 1 21-Aug-92jVANADIIJM 13.901 2.901UGL. I UHSU 1 
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02.591 IGW03314IT 
02591 IGW039041T 

I 

08/11/92 TOTAL SUSPENDED SOLIDS 1 559 1 51 / V  I JHSIJ 
10/20/92 TOTAL SUSPEN1)EI) SOLIDS j 276 I 51 IV I JHSI' 

Sheet 1 I l f  8 

02Xh 1GW01454IT 06/19/91 iTOTAL SI.ISF'ENI)EI) SOLIDS I 140/ 4! ~ J A  1 !HSl T 



I 
I 

I 
1 

location fieldid date-sampled chemical result ( m d )  detectiorlltnnt qual-lab qual-wc location-z 

02x6 GW0261 IIT 03/18/92 TOTAL SUSPENDED SOLIDS 32 4 V UHSIJ 
02x6 (iW029SSIT 06/10/92 TOTAL STJSPENDED SOLIDS 160 5 , I JHSI J 
0299 1 
02991 lGW02854IT ]05/08/92 TOTAL SUSPENDED SOLIDS 17001 jv ~ UHSU 

1 t~W024411T 103/12/92 ITOTAL SUSPENDED SOLIDS 1 7501 I V  I I J H S I J  

TAL SI !SPENI)EI) SOLIDS 1 4701 ~ UHSU 

~~~ 7'  

5 'V IJHSli 0 7 5 ~  I ( , w O 7 7 x - i r i  O X ~ I  IOTAL SI \f'FNr)Fl) hOLlI)\ 1 
o?ilj I r c i i 0 7 s ~ i A  TOTAL SI'SPENDEI) 50LID5 ' 600 i IV IJHSIJ 
0760 I ( I W O ~ O ~ Y I T  06/08/92 TOTAL SIJSI'EK1)EI) S0LII)S ' 5900 4 'V IJHSU 
03691 (iW03124IT 07/08/92 TOTAL SUSPENDED SOLIDS , 2100 4 V UHSU 

1 XI%- 4 

03691 GW038971T 10/21/92 TOTAL SUSPENDED SOLIDS j 2130 5 V UHSU 
03791 GW02093IT 12/06/91 TOTAL SUSPENDED SOLIDS I 4500 4 V i 1 JHSU 

103791 IGW02557IT /03/19/92 TOTAL SUSPENDED SOLIDS 7400 4 V IJHSI I 
TOTAL SUSPENDED SOLIDS 1000 5 UHSU 
TOTAL SI ISPENDED SOLIDS 680 4 V IJHSI J 
TOTAL SI JSI'ENDED SOLIDS 

-~ 
03x6 (.iW033021T '09/16/92 TOTAL SIJSPENDEI) SOLIDS 10 5 V UHSU 
0386 GW03810IT 11/17/92 TOTAL SUSPENDED SOLIDS 19 5 V UHSU 
03991 CiW03010IT 06/23/92 TOTAL SUSPENDED S0LII)S 5800 4 V UHSU 
03991 GW03126IT 07/08/92 TOTAL SUSPENDED SOLIDS 9200 4 V IJHSIJ 
03901 (iW03899IT 10R1/92 TOTAL SUSPENDED SOLIDS 13100 5 V IJHS I J 
0409 1 '(iW03013IT 06/24/92 TOTAL SUSPENDED SOLIDS 27 41 V 1IHSI.I 
04001 (iW03317IT 108/12/92 TOTAL SIISI'ENDED SOLIDS 1 23 ,  51 V ,IIHSIJ 
04001 (iW07002IT 110/22/92 ,TOTAL SI 1SPENI)EI) S0LII)S 1 4 3  51 IV IJHSI J 

'1''"1 i (;wo?o??n ~ loi/io/oz 'TOTAI YI'Y1'ENI)EI) S0LII)S ~ 0 7 0 , J,  I v ~ I iHSI 

1142~) I ( ;wll2 '~24lT 05/I')/O2 II'OTAI, SI ~Sti131)Fil) S0LII)S 370 '  41 ; v  IJHSIJ 
0440 I (iWO??211'T' 00/02/9'2 !TOTAL. SIIS1'ENI)EI) S0LIl)S ~ 54.4 ~ S , V  I JHSI! 
OJ50l ~ ~ ( i W 0 2 1 7 5 1 ~ 1 ~  1 12/20/91 !TOTAL SI:SI'ENI)ET) S01,II)S I 2600 ~ 4! ] V  1 JHSI 

114 I 'J I ( ;\'I 1 A 7 1011. , OX/?7/')2 'T'O'IAL SI ~SI'E3'DEI) SOL,lIh I 02 I 5 .  iV IIJHSli 

-~ - ~~~ ~ 

04501 I(;WO2525IT 103/03/92 /TOTAL S1JSI'ENI)ED SOL1I)S , :io[ 41 1v 1 UHSU 
04591 1 GW0293 1IT 105/22/92 1 TOTAL SUSPENDED SOLIDS I 940 1 41 IV I UHSU 
04591 /GW034501T 108/31/92 /TOTAL SUSPENI)EI) soLrr)s  1 464 1 51 Jv I UHSU 
04591 IGW03882IT \12/08/92 !TOTAL SUSPENDED SOLIDS ~ 750 1 51 IV ~I JHSU 
0469 1 (;WO34S1 IT 09/02/92 I TOTAL SUSPENDED SOLIDS 142 5; iV IIJHSIJ 
04x01 (iW03235IT 08/19/92 [TOTAL SIJSPENDED SOLIDS 63.6 51 / v  11 JHSI J 
04901 (iW02979IT 05/21/92 1 TOTAL SI ISPENDED SOLIDS 420 41 iv I I I H S I J  
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T O T A L  SIJS1’ENI)EI) SOI,II)S EV UHSU (;ROUNI)WA‘TEK 

I ~ l L a t l o l l  ‘field1d 1 dntr-\nlnpled chemical m u l t  (mpjl) 1 drtectionlinilt quxl-lah qual-wc. I location-z 
OJOYI (;WO’427hJT (07/27/92 TOTAL S1JhF’ENI)EI) S0LII)S 1100 4 V 1 1 JHSU 
o 4 w i  ( ; W O ~ ~ I T  10/28/92 )TOTAL SIISI’ENI)EI) soLIr)s  320 4 V IUHSU 
05091 GW02177IT 12/23/91 TOTAL SUSPENDED SOLIDS 370 4 V UHSU 
05091 GW02570IT 03/06/92 TOTAL SUSPENDED SOLIDS 110 4 JA UHSU 
05091 GW02619IT 03/26/92 TOTAL SUSPENDED SOLIDS 300 4 V 1JHSU 
0500 1 GW02940IT 05/20/92 TOTAL SUSPENDED SOLIDS 220 4 IV IIJHSlJ 
(1509 1 (iW03237IT 07/28/92 TOTAL SUSPENDED SOLIDS 500 4 / V  1 I JHSTJ 

0 5  1 0 1 ( i W02 1 hOIT 12/17/9 1 TOTAL Sl1SI’ENI)EI) SOLIDS 91001 41 ! V  I 1 JHSl I 
TOTAL SIISI’EN1)EI) SOLID\ ’ 3.500 4 IV 1 JHSI J 05 10 I (;WOL57 IIT ~03/05/02 

05101 -~ ‘,O;?l% * __- -- 107124192 !TOTAL S ~ ~ S I 1 ~ ~ l ~ F l ~ ~ ~ l L I I ~ ~  I 1700 4 1  / V  /lIHSlJ 
(15 I!,  I i(iWO7727IT I(I/?X/c)? (TOTAL SIIXPEh1)EI) SOLID-  3000 J l  I v ~ IJHSIJ 
0 5 7 0 1  i [,wii?ox4n 12105191 ITOTAL S1IhF’ENI)EI) .\OLII)S 1 610 41 V /IIHSII 
05101 l(;WO?5hhIT 107/05/92 TOTAL S1JhI’ENI)EI) SOLIDS ~ X50 4 V 1 JHST J 

05(191 ‘1iW03726IT 10/28/92 TOTAL SUSPENDED SOLIDS 1000 ! 4 / V  ’ I J H S ~  J 

1 ~ ~ 1 0 1  (iW0?04111 ,05/21/9? ITOTAL SII5€’EhI~EI~SOLII~S , 0x0 

- __ ._ 

- 
41 j v ! t T H . \ 1 T -  

-_ _ _  c---- *- --- 
-I 

- -~ ~ ~ L _ _ _ _  , 

-~ _ _  - 
05791 t(iW02XX4IT 06/11/92 TOTAL SUSPENDED SOLIDS 1 490 5 i UHSU 
05391 i(iW03388IT 09/10/92 TOTAL SUSPENDED SOLIDS 1 806 I 5 V ‘IJHSU 
0539 1 I (3 W039 171T 1 OR8/92 TOTAL SUSPENDED SOLIDS ! 210! 4 ,  V I JHSIJ 
0560 I (iW02061IT 12/04/91 TOTAL SUSPENDED SOLIDS I 9100 4 V llTHSl’ 
05691 (iW02549IT 03/12/92 TOTAL SUSPENDED SOLIDS ~ 2600 4 V 1 JHSIJ 
- 05601 (iW02885IT 05/28/92 TOTAL SlJSPENDED SOLIDS , 19001 4 V I JHSU 
056‘)l (;W07389IT 08/21/92 TOTAL S1JSF’ENI)EI) SOLIDS 1 2720’ 5 V I IHST J 
o 5 h o i  ( ; w m o i x i r  I i i /ow92 ITOTALSIISF’E~I)EI)SOLII)\ 1 1000 41 ‘ V  I IHSI I 
Oh1 IO I ( rWO?(Ih?lT 12/04/0 1 TOTAL SIJSPF’Z1)EI) SOLIIIS 3300 41 V 1 JHSI 
OhO‘JI (iW0’257hIT 03/12/02 ‘TOTAL SI1SI’EhI)EI) SOLID< 4200 41 V I JHSU 
OhC1‘J I I (rWO3OI4IT 06/11/92 TOTAL SI JSPEhDEI) SOLIDS 1300 51 1 JHSLJ 
06091 (;W0331XIT 0X/06/92 TOTAL b1JSI’ENI)EI) SOLIDS 2220 51 V 1 JHSIJ 
OhOUI (;Wo39071T I 10/19/92 TOTAL SI ISI’EhDEI) SOLI1)S 5190 51 V IJHSU 
06191 GW03352IT 08/14/92 TOTAL SUSPENDED SOLIDS 979 I 5 V UHSU 
06191 GW039051T 10/20/92 TOTAL SUSPENDED SOLIDS 308 5 V UHSU 
Oh291 ,GW03329IT 09/03/92 TOTAL SUSPENDED SOLIDS 164 5 V LJHSU 
Oh401 /(;W02616IT 04/01/92 TOTAL SLJSPEN1)ED SOLIDS 470 4 V I JHSI I 
Oh491 (;W01049IT 06/22/92 TOTAL SUSPENDEI) SOLIDS 1000 4 V , I  JHSI 1 
Oh491 (;W01775IT 09/10/92 TOTAL 51 JSPENDEI) S0LII)S I 46 1 5 IV , I IHSl J 

0 6 4 ~ J I  (;W03XOXIT 11 1/17/92 ,TOTAL SI JSPENI)EI) S0LII)S ! 190 41 iv 1 I IHSIJ 
Oh501 (;WO?X?rSIT ‘W5/19/02 TOTAL SlISPEbDEI) \OLII)5 1 ~7001 41 , v  I T iHSI i 

---- __ 
__ --f- 

-_I-- 

- 

06x91 
06091 
(16091 
O h W l  

-_ *_ -~ 1 

07291 (;WO7X57IT ~ 11/16/92 ! ? O K  SI1bI’ENI)EII SOLIDS I 51 5111 V i I IHSIJ 
__- 071‘)l (iW02599IT 03/16/02 (TOTAL Sl!SI’ENI)EI) SOLII)4 ’ 83 31 V UHSLJ 
07301 (iW02902IT ‘051’21/92 TOTAL SUSPENDED SOLIDS 92 41 V UHSU 
(17391 1(;W03457IT 08/28/92 TOTAL SLISI’EN1)ED SOLIDS 45 51 V UHSIJ 
07791 l(;W038h2IT 11/16/92 TOTAL SUSPENDED S0LII)S 23,  5 V I IHSI J 

GW03851IT 11/18/92 TOTAL SIJSPENIIED SOLIDS 1 380 4~ V /IIHSI! 
(iW02899IT 05/18/92 TOTAL SUSPENDED SOLIDS 1 32000 4j  V ‘ UHSIJ 
(iWO3430IT 08/26/92 TOTAL S1 JSPENDED S0LII)S 1 23701 51 V 1 JHSI I 
(;W03XSOIT 11/18/92 TOTAL SITSF’ENIIEI) SOLIIIS 1 2800 41 V I JHSIJ 

I17 IO I ‘(~WO2O(lOlT 05/1X/92 ~, -- - - - ~ ~  TOTAL SlJSPEN1)EI) S0LII)S 1 1 soon 4 /  V 1 JHSIJ 
, 

/TOTAL SI !SI’EIU’I)EI) S0LII)S 1 31x0; S i ”  
1l711)l ,(iW(l1X641‘f , 1 I i l h F J L  !TOTAI. SIiSr’FNI)Fr)Soi 1115 , 11001 51 lv 

_ _ _ ~ ~  I IT1 ‘i I ’ [ i W I I745? IT ! 08/?7/’)2 
+ ___ 1JHSl T 

1 JHSl J 



TABLE D-5 
‘TOTAL SUS1’ENI)EI) SOLIUS IN UHSU (;KOUNI)WATER 

07x91 (iW024341T 
07x91 (iW02855IT 

I 
I 

,03/12/92 TOTAL SUSPENDED SOLIDS 1 200 4 ;  iv UHSLJ 
05/07/92 TOTAL SUSPENDED SOLIDS 1 1000 41 iv 1 JHSl I 

locallon fleldld date_s;unpled 

07x91 GW03353IT 108/20/92 

cliemical 1 result (mg) detectionlimit 1 qual-lab 1 qual-wc locahon-z 

TOTAL SUSPENDED SOLIDS 1 10901 SI IV IJHSIJ 

I10901 I(;WO3289IT /07R8/92 /TOTAL SUSPENDED S0LII)S i 920 I 4i IV ~ 1 JHSI J 

07X91 /(iW03909IT 110/23/92 
07991 I(iW02925IT 105/20/92 

----- 
TOTAL SIJSPENDED SOLIDS 2.58 5 ‘ V  I I IHSI! 
TOTAL SUSPENDED SOLIDS 1300 4 IV  I UHSIJ 

I (iWO24321T ]02/06/92 ]TOTAL SIJSPENDEI) S ~ L I I S  1 17001 43 / v  I 1 JHSU 
I TOTAL SIISPEK1)EI) SOLIDS I 12001 41 IV 1 IJHSU 

, 
10991 /(;W03728IT 10/23/92 TOTAL SUSPENDED SOLIDS 742 
I1491 I(iW028861T 05/28/92 TOTAL SIJSPENDED SOLIDS 600 
I lhOl I(;W(12174IT 12/23/91 TOTAL StiSI’ENDEI) SOLIDS 1100 ~- 

5 V IJHSIJ 
4 V lJHSIJ 
4 V lJHSl J 

~ 

11791 TGW03465IT 109/08/92 
11791 IGW03890IT 111/11/92 

- 
TOTAL SUSPENDED [ SOLIDS 5 V UHSU 
TOTAL SUSPENDED SOLIDS 1 1401 41 1v IJHSU 

Sheet 4 of 8 

11791 /(;W038911T 
11x7 GW010901T 
11x7 (;W01648IT 
11x7 (;W020041T 

__ 
11/12/92 TOTAL SUSPENDED SOLII)S 5 5 ti lv I JHSU 
04/17/91 TOTAL SUSPENDED SOLIDS 9 4 IV IJHSIJ 
09/06/91 TOTAL SIISPENDED SOLIDS 5 4 / v  I JHSLI 
11/21/91 TOTAL SUSPENDED SOLIDS 6 4 [V IrHSli 

11x91 /(;W03901IT 
12091 GW02116IT 
12091 (;W02.514IT 
12091 (iW02876IT 
12001 GW03290IT 

._ 

10/16/92 TOTAL SIJSPENDED SOLIDS 3740 S /  V LJHSU 
12/19/91 TOTAL SUSPENDED S0LII)S 300 41 V IJHSLJ 
02/27/92 TOTAL SUSPENDED SOLIDS 220 4 V l 1. IHSl ’ 
05/13/92 TOTAL SUSPENDED SOLIDS 1000 4 -- V lMSlI 
071’29192 TOTAL SI JSPENDED S0LII)S 6601 4 V TJHSIJ 



TABLE 11-5 
I O I A L  SUSPENDED SOI,II)S UHSU (;ROUNDWATER 

IoLall( l l l  1 firlll1d date-sampled clie~i~~cal result (iiig/l) 

12191 GW024401T 03/16/92 TOTAL SUSPENDED S0LII)S 1100 
12191 GW02862IT 06/03/92 TOTAL SIJSWNDED SOLIDS 1400 

____t_ 

12091 CiW03X22IT 11/10/92 TOTAL SUSPENDED bOLIDS 4301 

R 
I 

1 detectioniiinit quai-ia~> quai-wc loanon-z 
4 V UHSU 
4 V UHSU 
4 V IMSU 

12191 IGW03410IT 08/19/92 TOTAI SI JSPFWDFD SOT IDS 442( 

4 . - ~ _ _  

/(iWO2XXXIT %5= ITOTAL SUSPENDED SOLIDS I 2100 4 / v  1 UHSU 
IGW034221T 109/14/92  TOTAL SUSPENDED SOLIDS 2120 5 jV I IJHSU 

12191 
12201 
12201 

11101 jGW0390hIT 10ROI92 /TOTAL SUSPEWED SOLIDS 1 IIJHSIJ 
134!, 1 1 (;W03063IT ]06/24/92 1 TOTAL SI JSPENDEI) SOLIDS 1 4900 I 4~ Iv I I JHSlJ 

GW03910IT 10j21/92 TOTAL SUSPENDED SOLIDS I 188001 5 V UHSIJ 
GW026071T 03/17/92 TOTAL SUSPENDED SOLIDS 1 610 4 V TJHSl J 
(iW02859IT 05D9/92 TOTAL SL1SI’ENI)EI) SOLIDS 1 65 4 V I JHSI‘ 

113401 l(;W034111T 108/21/92 ITOTAL SUSPENDED S0LII)S I 26101 5; ‘ V  I I IHSl J I 

12?ill (;W0?2hlIT 

- _ ~ I 

1149 1 GW03928IT 10/22/92 TOTAL SIJSPENDED SOLIDS 21801 51 / v  i I IHSLJ 
14x7 (;WOIO93IT 04/15/91 TOTAL SIJSPENDED SOLIDS 81 41 ; V  I I JHSI 1 

07/71/92 ;TOTAL S1JSI’ENI)FI) S0LII)S ~ 76 4 ’  V l!HSII 

15x7 /(;WO34421T !09/01/92 /TOTAL S1JSPENI)ED SOLIDS 1 33001 51 jV ~ 1 J H S I l  
17x7 I(;W03859IT 111/17/92 ]TOTAL SIJSPEN1)EI) SOLIDS 1 2500 1 SI / V  11 JHSI I 
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l 

,- 
1 7 X h  , ( , W W , S ~ I T  jo4/14/~)2 
17h6 (iWO72371T 100/1X/92 
17sh 1(;WOl6411T 110/13/92 
39x6 (lW012XSIT 05/14/91 
39x6 GW01592IT 08/16/91 
3986 GW020491T 12/05/91 
1986 GW02241lT 01/21/92 
3086 l(iW02668IT 04/16/92 
79x6 (;W077281T 09/OX/92 
7OXh (iWO78931T 10/19/92 

-_ 

$1591 (;wo209111 12/06/91 

1 

TOTAL SI S1’ENI)EI) SOLIDS , 12; 4 ‘ V  IJHSII 
TOTAL 5lISPENI)EI) \OLII)S ~ 25 1 5 IV I IHSl I 
TOTAL SI JSI’ENDEI) SOLIDS 49 1 51 IV I JHSIJ 
TOTAL SI JSI’ENDEI) SOLI1)S 1x0; 4 / V  UHSIJ 

- 

TOTAL SUSPENDED SOLIDS . 1401 4 V UHSU 
TOTAL SUSPENDED SOL1I)S 89 j 4 V UHSU 
TOTAL SUSPENDED S0LII)S 56 I 4 V I IHSI J 

TOTAL SIJSPENDED SOLIDS , 40 / 4 iv 1 JHSI’ 
TOTAL SUSPENDED SOLIDS I 5101 5 iV 1 IHSG 
TOTAL SUSPENDED S0LII)S I 1x01 Si ‘ V  I IHSI I 
TOTAL STJSPENDEI) SOLIDS I 65001 IV I IHSIJ I 

7687 1 (;W03924IT 110/27/92 1 TOTAL SIJSPENDEI) SOLIDS 6101 51 / V  I I JHSIJ 
17x6 l(;W012231T !04/30/91 1 TOTAL SUSPENDED S0LII)S 60 1 41 IV 1 UHSU __- 

41691 IGW03806IT 
1186 I(iW02938IT 
11 Xh 1 ~ W 0 3 4 4 9 I T  

11/18/92 TOTAL SIJSPENDED SOLIDS 910 4 V IIJHSLI 
05/19/92 TOTAL SUSPENDED SOLIDS 89 4 V 1 IJHSI J 
09/09/92 TOTAI SIISPFNDFD SOT IDS 120 5 V I UHSU 

11501 (iWO3X1111 11/17/92 TOTAL SIJSPEN1)EI) SOLIDS 1 470 51 lv IJHSIJ 
41691 (1W020901T 12/07/91 TOTAL SIJSPENDEI) SOLIDS 7000 41 V I JHSIJ 
1 I 60 1 (i WO26 I 51T O4/0 1 /92 TOTAL SIJSI’ENDED S0LII)S 1700 4 V UHSU I 
41691 GW02953IT 06/11/92 TOTAL SUSPENDED SOLIDS 1 3300 5 UHSU 

4386 lGW02860IT 
52Xh 1 (;WO1284IT 

.~ 

1 I 60 1 1 (iWO26 I SIT 104/01/92 /TOTAL SIJSI’ENDED S0LII)S 
41691 IGW02953IT /06/11/92 I TOTAL SUSPENDED SOLIDS 

I 

05/12/92 TOTAL SUSPENDED SOLIDS ! 35 4 V j UHSU 
05/14/91 TOTAL SIISI’ENDEI) SOLIDS ~ 17 4 V ! UHSU 

I 470 51 lv IJHSIJ 

i 1700 4 V UHSU 
I 3300 5 UHSU 

7000 41 V I JHSIJ 
I 

hZX6 1 (;W0170XIT j08/22/91 TOTAL SUSPENDED S0LII)S 1 25 
52x6 _ _ _  I(iW020461T i 11/25/91 TOTAL SIJSPENDED SOLIDS j 3 5  
~- 

41691 iGW03396IT /09/16/92 ITOTAL SUSPENDED SOLIDS I 2240 1 si IV /UHSU I 

V 1 I JHSI I :i v IIJHSI’ ___ 

hSX6 /GW02050IT I12/06/y1 ITOTAL SUSPENDED S0LII)S i IV IUHSU I 



I 

I Q I ~ ~ X ' J  1iIwiIm4ir I i / i w i  
-- i-- LE 177x9 (iWO24 19IT 02/18/92 

H2187XO GW02866IT 05/08/92 
1321x780 (iW03349IT 08/21/92 
1121 X7XO , GW03913IT 10/27/02 

I 
I 

TOTAL sIISP€hI)EI)  soLII)s 7 7 ~  1 4 IV 1 IJHSU 
V UHS U TOTAL SUSPENDED SOLIDS 490 4 

TOTAL SUSPENDED SOLIDS 110 4 V T JHSU 
TOTAL SUSPENDED SOLIDS 352 5 V 1 JHSU 
TOTAL SUSPENDED SOLIDS 170 5 ! V  , I  JHST 

-+ 

I 
1 

I 

TABLE D-5 
TOTAL SUSPENDED SOLIDS IN UHSU GROUNDWATER 

~4M~I-1201-Ml75-&11 )(TRLD-S.XLS)(8/4,94 5:W PM) Sheet 8 of 8 



TABLE D-6 
TOTAL DISSOLVED SOLIDS IN UHSU GROUNDWATER 
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TABLE D-6 
TOTAL DISSOLVED SOLIDS IN UHSU GROUNDWATER 

Iiicalioti ]fieldid 1 date-sampled 1 chemical ] result ( m d )  1 detectlonhmit I qual-lab 1 qual-wc 1 loation-z 
02x6 7301 101 IV IIIHSII 

0294 I I ( I WO??5 I IT ~ O X n  1 /02 TOTAL 1)ISSOLVEI) SOLIDS j 5321 IO 
0200 1 T;WO1OOXIT ' 10/20/92 ITOTAL I)IS\OLVEI) SOLIDS 524 10 
0 l O l ) I  ( ;WO2 I 34lT ' 12/14/0 I 1 TOTAL DISSOLVEI) S0LII)S ~ 310, IO 
0309 1 GW025681T /03/05/92 1 TOTAL DISSOLVED SOLIDS 1 3001 10 

V I JHS (I 
V IJHSIJ 
V UHSU 
V UHSU 

GW034091T 08/19/92 TOTAL DISSOLVED SOLIDS 498 10: I JHSIJ 
(iW039 14IT 10/22/92 TOTAL DISSOLVED SOLIDS 340 101 TIHSI' 

03191 GW02 l56IT 12/19/9 1 TOTAL DISSOLVED SOLIDS 380 

03501 
03691 
0369 1 
07691 

GW03916IT 10/23/92 TOTAL DISSOLVED SOLIDS 648 1 10 jV IJHSII 
GW03048IT 06/08/92 TOTAL DISSOLVED SOLIDS 240; 10 V IJHSU 
(;W01124IT 07/08/92 TOTAL DISSOLVED SOLIDS 420 10 V IIHSIJ 
(;W0?X97IT 10/21/92 TOTAL 1)lSSOLVEI) S0LII)S 448 10 V IJHSII 

17/92 /TOTAL DISSOLVEI) SOLIDS 

1177'j I (rW07_09?1T 
1177') I i( lU(12557I 1 

1 - 
~ 

Sheet 2 of 8 

1?/Oh/91 TOTAL DlS40LVEI) SOLII)\ 490 10 V IIHSII 
0?/10/02 ,TOTAL DISSOLVED SOLIDS 460 I O  , V IiHSIi  

~ 7 2 ~  ~p,w111oo71 r :oh/io/02 TOTAL l)lh\OLVEI) SOLID\ , 5 x 0  h /  
(1770 I (;w(!71251 I '1)7/i0/92 TOTAL 1 ~ 1 4 4 0 L V L l ~  SOLID4 , 470 1 in1 V 
01701 ~(IWO~XOXIT -02 'TOTAL I)IS\OLVFT) SOLID4 5iX 10 V 
O 7 X h  ( ;u ii i 4 55 I r o6/?o/o 1 WTAL DIS50LVEI) SOLID4 , 560' IO V 
03x6 GW017621T 09/11/91 TOTAL DISSOLVED SOLIDS ' 594 10 
O?X6 GW02026IT 11/13/91 TOTAL DISSOLVED SOL1I)S 5x01 10 V 
01x6 GW026 12IT 04/01/92 TOTAL DISSOLVED SOLIDS 560 10 V 
038h GW02956IT 06/12/92 TOTAL DISSOLVED SOLIDS 550 5 
03x6 (; W03392IT 09/16/92 TOTAL DISSOLVED SOLIDS 570 14 V 

- L 
~- 

I JHSIJ 
I JHSIJ 
I JHSl I 
UHSU 
UHSU 
IJHSU 
IJHSIJ 
I IHS11 
IJHSII 



TABLE D-6 
TOTAL DISSOLVED SOLIDS IN UHSU (;ROUNDWATER 

Ii~catioii 
iM0V I 
04"l 

I 
1 
I 

fieldid date-sampled chemical i result (mg'l) 1 detecticinlimit qual-ld~ ~ qual-wc I~cation-z 
GW03236IT 07/27/92 TOTAL DISSOLVED SOLIDS 5901 10 i V  1 JHSU 
(;W0372SIT 10/28/92 TOTAL DISSOLVED SOLIDS i 530' I O  V LJHSI J 

l150tj1 ,(;W021771T 112/23/91 
~ .. . TOTAL DISSOLVEI) SOLI1)S ' 540 10! V 1JHSI.T 

Sheet 3 of 8 

Oh991 jGW03850IT 
07 19 1 GW02900IT 
07191 CiW034SSIT 
07191 GW03864IT 
0720 1 GW029011T 
07201 (;W03XS71T 

1 1/18/92 \TOTAL DISSOLVEI) S0LII)S 290' 10 / V  UHSU 
05/18/92 TOTAL DISSOLVEI) SOLIDS 210 10 jv IJHSIJ 
08R7f92 TOTAL DISSOLVED SOLIIXi 388 IO IV IJHSl I 

11/16/92 TOTAL DISSOLVED SOLIDS 400 14 V lJHS11 
05/20/92 TOTAL DISSOLVED SOLII)S 3 00 IO V IJHSIJ 
11/16/92 TOTAL DISSOLVEI) S0LII)S 430i 14 V I JHSI J  

07101 TOTAL 1)ISSOLVEI) S0LII)S 3200' 10 V lIHSI1 
/TOTAL I ) I S S ~ L V E I )  S O L I I ) ~  ~ 3x00 1 0 ~ V 

I)ISS~I.VEI)  SOLIDS 1 419 10; V 
07'401 I(;WO?Xh21T 11/16/02  TOTAL I)ISSOLVEI) S ~ L I D S  3 100 14' V 

I JHSI J 
I J H S I j  
TJHSII 



TABLE D-6 

I 
I 

f 
I 

TOTAL DISSOLVED SOLIDS IN UHSU GROUNDWATER 

___.._. +. 
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i 

IlJC?~lUIl /f iddld 
12W) 1 IGW03822IT 
12 19 1 ~ GWQ2440IT 
12101 - i(;W02X621T 
- 

TABLE D-6 
TOTAL DISSOLVED SOLIDS IN UHSU GROUNDWATER 

date-sampled chetmcal result (md) detectionlimit I qual-lah I qual-wc locatioii-z 
11/10/92 TOTAL DISSOLVED SOLIDS 430 101 IV IiHSlJ 
03/16/92 TOTAL DISSOLVED SOLIDS 500 101 V 1 JHSl J 
06/01/92 TOTAL DISSOLVED S0LII)S 450 I 0 j V 1 JHSl J - 

12191 lGW03919IT 112/03/9,2 
12491 jGW02435IT ]02/07/92 

12301 lGW034211T /09/15/y2 ITOTAL DISSOLVED SOLIDS ~ 4881 101 Iv IUHSU I 
TOTAL DISSOLVED SOLIDS 390 101 jV 1 UHSU 

J 

TOTAL DISSOLVED SOLIDS j 440 101 / v  1 m u  
12491 
1249 I 
12491 

GW02888IT 05/14/92 TOTAL DISSOLVED SOLIDS 280 101 V UHSU 
GW03422IT 09/14/92 TOTAL DISSOLVED SOLIDS 322 10 V IJHSlJ 
GW03022IT 10/22/92 TOTAL DISSOLVED SOLIDS 294 10 V 1 JHSLJ 

12601 IGW02417IT 
I260 I ~ (;W02X891T 

, 

02/13/92 TOTAL DISSOLVEI) S0LII)S 480 10 V IJHSLJ 
05/20/92 TOTAL DISSOLVEI) SOLI1)S ~ 5401 10 !V I JHSI I 

I587 GWQ2914IT 
I587 (iWQ1442IT 
1587 (;W03X59IT 
17x7 j ( i  WO1 6871T 
17x7 1 (iW0207 IIT 

~- 

______ __ 

06/23/92 TOTAL DISSOLVEI) SOLIDS j 240 V 1 "SI 1 10' 

11/17/92 TOTAL DISSOLVED S0LII)S 490 14 V 1 JHSl 
0811 0/9 1 TOTAL DISSOLVEI) SOLIDS 450 101 V I iHS1 J 

1 1/1 8/01 TOTAL DIShOI VFT) SOL ID\ 4x0 1 0  V 1iHSII 

- - 
09/01/92 TOTAL DISSOLVED SOLIDS 450 14 V 1"5i' 



TABLE D-6 
TOTAL DISSOLVED SOLIDS IN UHSU GROUNDWATER 

r ____ 
20 X 7 CiW03710IT 10R7/92 TOTAL DISSOLVED SOLIDS 1900 14 I V UHSU 

32x7 (;W01642IT 09/04/91 TOTAL DISSOLVED S0LII)S 450 101 V 1 JHSIJ 
____ 32x7 GW01 157IT 04/16/91 TOTAL DISSOLVED SOLIDS 440 101 V imsu 

12x7 (iW024291T 02/25/92 TOTAL DISSOLVED SOLIDS 440 1 0 V 1 JHSI I 
9287 (;W02936IT 05/18/92 TOTAL DISSOLVED S0LII)S 440 IO V I rHS1J 

(iW07447IT 09/09/92 TOTAL DISSOLVEI) SOLIM 510 14 V 1 JHSl I 
172x7 /GW03X80IT I 1  1/30/92 ITOTAL DISSOLVEI) SOLIDS i 4701 141 Iv I I J H S I I  I 
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TABLE D-6 
TOTAL DISSOLVED SOLIDS IN UHSU GROUNDWATER 

IOC.lI1011 ~ fieldd 
- 76x7 GW01162IT 
76x7 (;WOlh74IT 
7687 (;Wmo?hlT 

date-sanipled chernical 1 result (mg) detectioiilimit qual-lah qual-wc kJcaTioi1-2 
04/19/91 TOTAL DISSOLVED SOLIDS 490 10 V 1JHSIJ' 
08/23/91 TOTAL DISSOLVED S O L I I ) ~  j 500 10 V UHSI J 
11/25/91 TOTAL 1)ISSOLVEI) SOLIDS 480 10i V I JHSI J 

70x7 (>L\ O q ? X 4 I  I ,OX/l7/02 , r o r a  I ) I ~ \ O L  VEI) SOLID\ 410, 141 V IiHSlJ 
~ G G  - t ~ 0 ? [ i L 4 i T  i ion7/o2 (TOTAL I)lS\Ol VFI) SOLI[)\ 4701 14 i  V IIHSLI 
17x6 ~ ( ~ W ( I I ~ I T  io4/3o/91 /TOTAL DISSOLVED SOLIDS , 1000 10 ' V  'IJHSI J 

-___ 

17x6 (iW01521 IT 07/17/0 1 TOTAL DISSOLVED SOLIDS 2100 10 / V  UHSU 
3786 GW018991T 10/15/91 TOTAL DISSOLVED SOLIDS 1900 10 jv UHSU 
3786 GW026561T 04/14/92 TOTAL DISSOLVED SOLI1)S 2300 IO/ ' V  UHSU 

37% ,CiW03641IT 10/13/92 TOTAL DISSOLVED SOLIDS 2500 14! IV I JHSLT 
77x6 GW03233IT 09/18/92 TOTAL DISSOLVED SOLIDS 2450 101 1v UHSCJ 

'39x6 1GW01285IT 05/14/91 TOTAL DISSOLVED SOLIDS 410 101 ; V  LJHST J 
?OX6 i(;W01592IT 08/16/91 TOTAL DISSOLVED SOLIDS 410 101 / V  1 JHST J 
19x6- iW02049IT 12/05/9 1 'TOTAL DISSOLVEI) S0LII)S 400 101 V IJHSIJ 

TOTAL I)IS\OLVEI) SOLlI)\ 1 370 10' ' V  ITHSIJ 7')hO 

? ' Jhh  (]A 02h6XIT '~l4/16/92 :TOTAL t)issoLGr) S ~ L I D S  190,  10 V I JHSI J 
7 9 x h _ _  ;(;U(,WXI r ,00/ux/02 T( )TAL DISSOLVEI) SOLIDS 4101 14, ' V  UHSU 
?')X6 I(IWO~XWIT i 10/1~1/02 TOTAL I)lS\OLVEI) SOLID\ wo/ 14 iv 1 JHSI J 
41591 1(1W0209IIT j 12/06/01 TOTAL DISSOLVED SOLIDS 780 101 ' V  1 JHSU 

- 

- ( ;w0221 I I r o i r ,  I /oz -~ __ - 

4 1  591 1 ( i ~ ~ ~ z ~ 4 ~ ~ r  '03 /1~/92  ,TOTAL DISSOLVED SOLIDS 650 io /  jV UHSU 
41501 tiW02952IT 06/10/92 ~ TOTAL DISSOLVED SOLIDS 890 51 UHSU 

, 
415Yl GW03395IT 09/15/92 /TOTAL DISSOLVED SOLIDS 858 101 ! V  UHSU 
41501 (;W03811IT 11/17/92 !TOTAL DISSOLVEI) SOLIDS 890 ~ 141 V 1 JHSI 1 

Il69l GWO2000IT 12/07/91 /TOTAL DISSOLVED SOLIDS 4301 101 1v lJHS1J 
1 l h Y l  GWO2615IT i04/01/92 ]TOTAL DISSOLVED SOLIDS 680 1 10, : V  1JHS11 
4 lh ' ) l  (;WO?i)571T 106/1 1/02 'TOTAL 1)ISSOLVEI) SOLIDS 560 51 I JHSl' 
____ - 

__  , - -- 
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TOTAL DISSOLVED SOLIDS 3 80 10 V IJHSLI 
Ii2187X9 (iW03349IT \08/21/92 TOTAL DISSOLVEI) SOLIDS 366 10 V IJHSlI 
1121X7X'J (;\.'09913IT lOR7/92 TOTAL DISSOLVED S0LII)S 3x0 14 V 1 IHST I 
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NOTICE 
All drawings located at the end of the document. 
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